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REPORT No. 118. 

THE PRESSURE DISTRIBUTION OVER THE HORIZONTAL TAIL 
SURFACES OF AN AIRPLANE. 

By F. H. Norton. 

UNIFORM FREE FLIGHT. 

SUMMARY. 

This work was undertaken by the National Advisory Committee for Aeronautics at the 
request of the Bureau of Construction and Repair of the United States Navy in order to determine 
as completely as possible the distribution of pressure over the horizontal tail surfaces of an 
airplane, and to analyze the relation of this pressure to the structural loads and the longitudinal 
stability. The investigation is divided into three parts, of which this is the first. This part is 
for the purpose of determining the pressure distribution over two horizontal tail surfaces in 
uniform free flight; the second part to conduct tests of similar tail planes in the wind tunnel; 
and the third part to determine the pressure distribution on the horizontal tail surfaces during 
accelerated flight on the full-sized airplane. 

The general method used in this part of the investigation consists in determining the 
separate pressures at a large number of points on the tail surfaces of a .IX III airplane, by con- 
necting small holes, opening on the tail surface, to the tubes of a multiple liquid manometer, 
which simultaneously measures the total number of pressures on one-half of the tail surface. 
The pressures are recorded by photographing the multiple manometer with an automatic 
camera which takes an exposure at each condition of air and engine speeds. 

These tests in uniform free flight gave the following results: 

1. Under no condition did the average tail load exceed 2.3 pounds per square foot. 

2. The highest local load on the tail of the JN4H was 11 pounds per square foot. 

3. The highest local load on the special tail was 25 pounds per square foot. 

4. The torque exerted by the tail about the X-axis ranged from +1,200 inch-pounds 

(in the direction of the propeller rotation) to — 1,600 inch-pounds. 

5. The sealing of the crack between the elevator and tail plane has no appreciable effect 

on the distribution of pressure. 

6. The inversion of the standard tail plane (flat surface up) gives a more uniform 

distribution of pressure as well as improving the stability. 

7. The airplane was very stable with the special tail of high aspect ratio even with a 

center of gravity coefficient of 0.37. 

8. The center of pressure travel on the wings, as determined by the integrated tail load, 

is farther forward than on the corresponding model. 

INTRODUCTION. 

PREVIOUS WORK. 

There has been comparatively little previous work done on the pressure distribution on 
the horizontal tail surfaces, either in free flight or on models. Perhaps the most notable work 
is that done by the British on the tail plane of a DH4, but unfortunately the pilot and observer 
were killed before the work was more than half completed, so that only the left half of the tail 
plane was explored. Some work has also been done by the Germans on this subject, but they 
have limited themselves to a few points, so that their results are not at all complete. 

SCOPE OF PRESENT INVESTIGATION. 

This part of the investigation includes the complete study of the pressure distribution 
over two horizontal tail surfaces, one a standard JN4H tail plane, and the other of special 
construction, which was thicker and with a plan form of higher aspect ratio. The pressures 
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were recorded at flight speeds of 45 miles per hour to 100 miles per hour, and at engine speeds 
of 600, 900, 1,200, and 1,400 revolutions per minute, in order to get all of the conditions that 
would occur in flight. At the same time various modifications were made in the airplane, 
such as moving the position of the center of gravity horizontally, and varying the tail plane 
in angle, section, and plan form. The number of holes on the tail were so numerous (over 200) 
that the total pressure on the tail under any conditions could be obtained very accurately by 
integration of the pressure distribution curve. The results are plotted in a large variety of ways 
in order to bring out as clearly as possible the exact distribution of pressure. 

REFERENCES. . 

Below are given the references to the most important investigations on this subject: 

Distribution of the Pressure over the Tail Plane of a DII4 Airplane. R. & M. , No. 552, British Advisory Committee 
for Aeronautics. 

Stabilizer and Elevator Pressure Distribution. Report of the Experimental Department, Airplane Engineering 
Division, U. S. A., December, 1918. Work conducted at M. I. T. 
Flosendruckmessungen, Technische Berichte, October 15, 1915. 
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APPARATUS AND METHODS. 

TAIL SURFACES. 

The location of the holes in the standard JN tail surface is shown in figure 1 and it is 
clearly seen that the holes are spaced closely enough to give a very accurate representation 
of the actual pressure distribution. As this tail was a standard one, it was unfortunately 
impossible to place the holes in regular rows along the span, necessitating a considerable 
amount of extra computation. In another test it would be considered advisable to rebuild 
the ribs, if necessary, in order to obtain an even spacing. The total number of holes on the 
right-hand side of the tail of both upper and lower surface were connected to the multiple 
manometer so that simultaneous readings were taken on all of these holes. As soon as the 
tests were completed on the right-hand half of the tail plane the tubes were removed and 
placed in the left-hand half and the tests were repeated. Figure 2 shows the layout of the special 
tail plane which was constructed at the Naval Aircraft Factory. Pressure tubes were attached 
to both right and left sides of this tail plane, but only one side could be connected to the 
manometer at a time, as with the other tail. As this tail plane with its tubes was 50 pounds 
heavier than the standard tail surface, it was necessary to place a considerable amount of lead 
in the nose of the airplane in order that it might balance in flight, and although it was designed 
with sufficient strength without external bracing, the usual tail struts and wires were attached 
as an extra precaution. 

In figure 3 is shown the method of connecting the rubber tubes to the pressure holes. A 
thin brass strip was run along the cap of each rib and the pressure tubes were soldered into this 
strip of brass; after running through the cap # strip of the rib they were connected onto the 
corresponding rubber tubes. The tubes running to the elevator were carried through rein- 
forced holes at the hinge spars and run through the tail plane to the fuselage with those which 
were connected to the holes in the tail plane, as clearly shown in figure 4. After the tubes were 
placed, the tail was covered, care being taken to see that none of the tubes were kinked or 
that none of them were pierced by the needle when sewing on the fabric. After the fabric had 
been doped and varnished, the cloth was carefully cut through above each pressure hole so 
that a clean sharp edge resulted. The tail plane was then placed on the airplane and the tubes 
run through the fuselage to the manometer as shown in figure 5, great care being taken that 
none of them was restricted in any way. 
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Fig. 5.— Method of connecting the manometer to the tail surface, and 
showing stat ic head on strut. 
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MANOMETER. 

The multiple manometer, as shown in figure 6, consists essentially of two end reservoirs 
connected by a central brass tube out of which rise 112 one-eighth-inch glass tubes, each of 
their upper ends being connected to a hole in the tail plane. The top of the reservoir and the two 
end glass tubes are all connected to a static head on the wing strut as shown in figure 7, as it 
was found that the static pressure in the cockpit was quite different from the true static pres- 
sure of the air. In order to make the instrument as compact as possible the glass tubes were 
cemented into the reservoir at the lower end with plaster of Paris and beeswax. ti was found 
impossible to prevent a slight leakage, but this was so small that it did not cause great incon- 
venience in the work, and this leakage could evidently be stopped by using some alcohol-proof 
cement. It was unfortunately impossible to obtain small, thin-walled glass tubing of enough 
uniformity of bore to avoid the necessity of making capillary corrections, and as these correc- 
tions entail a considerable amount of labor in the computation, every effort should be made 
to obtain tubes of uniform bore for use in future instruments of this type. 

The manometer was mounted in a wooden case for protection and a piece of opal glass was 
placed immediately behind the tubes in order to give an evenly illuminated background against 
which to photograph. The top of each glass tube was connected by a short rubber tube to a 
brass connection plate on the top of the wooden case so that all subsequent connections could be 
made without danger of breaking the glass tubes. The wooden case was mounted in the air- 
plane on the seat rails and pieces of sponge rubber were placed beneath the instrument in order 
to prevent excessive vibrations from reaching the instrument; however, the mounting was 
rigid enough so that only very slight relative motions would be allowed. It was found that a 
fair illumination could be obtained through the fabric of the fuselage, which gave a very even 
and subdued light, but in future tests it would be advisable to put translucent celluloid win- 
dows in the sides of the fuselage. A photograph of the installation of the gauge was taken 
(fig. 8) by cutting away a portion of the fabric of the fuselage. 

CAMERA. 

In order to obtain a reading at all pressures simultaneously the multiple manometer was 
photographed by an automatic camera installed on the seat rail in the fuselage just aft of the 
pilot's seat. As the space was very restricted it was necessary to use a wide-angle lens, but as 
this lens was of a high quality the distortion was quite negligible. The camera is shown in figure 
9, and consists of a light-tight box containing two large diameter film rolls so that the movement 
of the film would not appreciably change the diameter of the spools and so change the spacing 
of the pictures. The spool initially containing the film has attached to it a friction brake, so 
that at all times the film is kept tight; the other spool contains a large diameter windlass around 
which is initially wound a cord which runs through pulleys to a smaller windlass at the pilot's 
seat, one turn of which will move the film along sufficiently for one exposure. In the same way 
the shutter is connected by wires to a trigger located conveniently for the pilot, so that by a 
single operation of the trigger the shutter will automatically give a one-second exposure and 
set itself for the next. A 10-foot length of 3-inch panoramic film was used, and this was suffi- 
cient for taking the 22 exposures which completed one run. The mounting of this camera is 
shown in figure 10. 

An exposure of one second was taken in order to give an average reading of each pressure 
to eliminate the effect of the small oscillations; however, observations and the extreme sharpness 
of the photographs indicate that the height of the liquid in each tube was very nearly constant. 
Every tenth tube was painted with a black spot in order to facilitate the measuring of the tubes, 
and a scale was placed at the center of the gauge in order that the true magnification could be 
measured when the film was placed in the projection lantern. A section of one of the records is 
shown in figure 11. It was found necessary in order to secure satisfactory pictures to color the 
alcohol red and there was some difficulty in finding a coloring matter which would not be oxi- 
dized by the denatured alcohol which was used, but finally an analine dye was found which 
would satisfactorily retain its color. 



8 



REPORT N ATIONAL, ADVISORY CO.\! M ITTKI. I'oli A KUO X A ITI ( 'S. 



Lens- ond snuffer. 


// Him 


\ / 1 \ / \ 


fi spoof. 

© 




\ fi © 1 




1 f\ AC 7 
y K Light shields. \\ J 




r 





Fig. 9. 



TOP \//E\A/ OF AUTOMAT/C CAMERA. 





Fig. 11.— Actual size of record taken by camera. 



Fig. 10. — Mounting of automatic camera in airplane. 
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PILOT'S PROCEDURE. 



All of the runs were made at an altitude corresponding to a density of 0.9 in the following 
manner: At the start of each flight the altimeter zero was set by the reading of a mercurial 
barometer so that the desired density would come at a reading of just 3,000 feet. Before each 
exposure the airplane was climbed considerably above the given height and the exposure was 
made as the airplane reached the 3,000-foot level, having previously attained a steady condition 
of flight. In the computations this factor 0.9 does not enter in, as the air speed was not cor- 
rected for density, for the same density effect will obviously apply to the air-speed reading as to 
the surface pressures. There is one exception, however — the effect of the slip stream — which 
will be a function of the density, and it was for this reason that all the tests were made at a con- 
stant density. 

METHODS OF READING FILMS AND COMPUTATIONS. 

As it was very tiring to read the height of the menisci from the photographic record witli a 
magnifying glass, it was thought best to place the negatives in a projection lantern and t hrow the 
image onto a screen at a certain definite magnification. In this way the height of the liquid 
could be measured with a large scale very quickly and conveniently, using as zero a line scratched 
across the film between the menisci of the two static tubes. It was also necessary to determine 
the capillary correction in the same manner, and these corrections were in every case subtracted 
from the readings. The head of alcohol thus determined was then corrected by multiplying it 
by factors for the density of the alcohol and the inclination of the tubes due to the longitudinal 
position of the airplane in flight. 
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The longitudinal angle of the airplane was determined for each flight speed with a liquid 
inclinometer, and the results are shown in figure 12. It will be noticed that the angle is only 
19° in a 100-mile-an-hour dive, and this would ordinarily be called a steep dive, for the angle 
is always overestimated in such conditions. The head of alcohol as read was then multiplied 
by the cosine of the angle of inclination of the tubes from the vertical. 

METHODS OF PLOTTING AND INTEGRATION. 

The values in true head of water were then plotted along each row of holes in the direction 
of the air flow, the upper and lower surface using the same base line, so that the planimetered 
area between them represents the total pressure along that section. A few of these curves are 
shown in figures 36 to 79. Because of the irregularity of the holes occasioned by structural 
considerations, it was necessary to cross fair these preliminary curves, thus obtaining pressure 
sections at right angles to the air flow. These curves are shown in figures 80 to 122, and give 
the sum of the air forces on upper and lower surfaces. These curves are sections of a solid 
representing the total load on the tail, and are revolved about their respective base lines into 
the plane of the tail, so that in the figures an area on the forward (leading edge) side of the base 
line will represent an upward or positive load. The area under each of these curves was found 
by planimetering, and by using the values thus obtained as ordinates for a curve drawn parallel 
with the air flow; the total pressure on the tail is represented by the area under this second 
curve. The point of action of this pressure was found in each case by integrating this area 
about the hinge with a mechanical integrator. These curves are shown in figures 123 to 242. 

In each figure two vectors are shown, one, marked T, representing the center of pressure of 
the complete tail surface, and the other, marked E, representing the center of pressure on the 
elevator alone. In each case the vectors are shown to scale (in position, but not in magnitude), 
except where they are off of the paper, but the distance of the vector from the hinge is given 
each time in inches. In the curves representing the total pressure parallel to the leading edge 
the same system of vectors is used, except that they represent in all cases the force on the com- 
plete half of the tail; and the moment of that half about the center line is given in addition to 
the distance from the center line. The force on the elevator control was found by taking the 
moment of the pressure on the elevator about the hinge, but as the results were not as reliable 
nor as easy to obtain as direct force measurements on the stick, no results of this character are 
plotted in this report. 

There is another method of easily obtaining the total load, or the moment about any axis of an 
irregular pressure surface, which may be termed the plastic method. Let us suppose that a scale 
model is made of the tail with adjustable pins at the points at which the pressure readings were 
taken. If each pin is then set at such a height as will correspond to the pressure at that point, 




Fig. 13.— Model of pressure surface— Case 1—600 r. p. m.; 100 m. p. h. 
The light-colored material represents down pressure and the dark 
material up pressure. The region of down load is evident at the 
leading edge. 




Fig. 14 —Model of pressure surface— Case VI— 600 r. p. m.; 100 m. p. h. 
This shows the very large down load at the leading edge and the 
sharp peaks of up load at the hinge. 
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a skeleton of the desired surface will be obtained. By filling the space between the pins with 
a plastic materia] clay or plasticenc and fairing in the surface, which it is very easy to do 
with a little practice, a solid is obtained which represents the actual load on the given surface. 

The total load or its moment may be easily found from this model solid simply by weighing 
it, or by balancing it about any desired axis, provided the density of the plastic material is 
known. It is evident that this method is applicable to an irregular spacing of points where a 
sectional method would be impossible or at least very laborious, and even with evenly spaced 
holes it is very much quicker than a two-dimensioned method. The plastic method was used 
in this investigation for only a few cases because of the necessity of obtaining the sectional 
surves fpr two-dimensioned reproduction. (See figs. L3 and L4.) 

PRECISION OF THE RESULTS. 

ERRORS IN READING FILM AND COMPUTATION. 

It is possible in nearly all cases to measure the actual head of alcohol from the enlarged 
negative within the limits of plus or minus 0.003 of an inch. As all the calculations were carried 
out to the nearest 0.001 of an inch, the computed head should be correct in every case to at least 
0.005 of an inch. The areas under the curves were planimetered several times in order to get 
a correct reading, so that all the area can be considered correct within plus or minus 0.01 of a 
square inch. An error somewhat larger than this is introduced, however, because of the incor- 
rect representation of the curve between the given points, and this is especially true at the end 
of the tail plane where the pressure gradient is very steep. As 1 square inch under the final curve 
is equal to approximately 10 pounds, the total load on the tail will be given to within plus or 
minus 0.1 pound if the curves are assumed to be correct. The difficulty in drawing a true pressure 
curve through the given points will, however, considerably increase this error, so that the total 
load on the tail can not be assumed to be correct to better than one-half of a pound from these 
causes of error. 

ERRORS IN FLIGHT. 

The errors due to computation and reading are, how T ever, small compared with the errors 
inherent in all full-flight work; that is, errors arising from irregular atmospheric conditions. 
For example, if the airplane happens to strike a bump in the air at the time that the exposure 
is taken, it may considerably alter the value of the pressure obtained, especially those pressures 
on the movable portion of the tail plane. For this reason the first runs were repeated in order 
to check the results, and it was found in most cases that the check run agreed very closely with 
the original run. The subsequent work was very complete and there was ample chance for 
checking; as so little change was made in the flight conditions from one run to another, it was 
not thought necessary to make check runs in every case. The excellent agreement that can 
he observed between the pressure curves taken under nearly identical conditions leads one 
to have confidence in the results, as any part that is appreciably in error will be at once shown 
up by its lack of resemblance to a similar curve. 

It will be noted that the points calculated from the total load on the tail in order to obtain 
the pitching moment due to the wings and body do not lie smoothly on their representative 
curves and in comparison with wind tunnel results, for instance, they would look rat he i unsatis- 
factory; but it should be remembered that all results obtained in full flight are inherent 1\ 
irregular, due to conditions of the atmosphere which can not be overcome, and it is only possible 
by taking large numbers of readings and averaging them to get a satisfactory mean value, 
The moment curves check well with one another and the close agreement between the center 
of pressure travel curves for the different combinations used, all give a good indication of the 
accuracy of the results. For determining pitching moments, however, the pressure distribu- 
tion method is not as accurate as the method used by the British where the fuselage was jointed. 1 
As all of the readings and the computations have been carefully checked at every step by this 
method, it is felt that on the whole the results are presented as closely as it is possible to do so. 



I British Advisory Committee, R. & M. No. 400. u The Full Seale Determination of the Pitching Moments of a Biplane. 
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SCOPE OF TESTS. 

In order to represent as fully as possible all of the conditions that occur in flight on tail 
planes the following variations in the airplaine were made. It should be noted that in this 
report the center of gravity coefficient is the distance of the center of gravity from the nose of 
the mean chord in fractions of the chord. The mean chord is taken at distances from the 
upper and lower wings which is inversely proportional to their areas; that is, 00 percent of the 
gap above the lower wing. 

Case I. — On this run the airplane had a standard rigging of 17£ inches of stagger and a 
center of gravity coefficient of 0.381. This position of the center of gravity is about the standard 
position for an airplane of this type, and in order to compensate for the lack of a passenger 
in the rear seat a sand bag was tied to the floor boards in the rear cockpit. 

Case II. — In this run the conditions were the same as before except that the sand bag 
was removed from the rear cockpit and some lead was placed in the nose of the airplane just 
aft of the radiator. This gave a center of gravity coefficient of 0.326. 

Case III. — With the same position of the center of gravity as in the previous case the tail 
plane was given a negative angle of 1?°; that is, the flat lower surface, which in the previous 
run was parallel to the longerons, was raised at the rear end in order to give this surface a slope 
of 1£°. 

Case IV. — In this run the conditions of the airplane were exactly the same as in the pre- 
vious run; the only change being the sealing of the crack between the elevator and the tail 
plane with flat sheets of celluloid, which we screwed to the tail plane and were allowed to 
rest by their own weight on the movable portion of the tail surface, smoothly covering up the 1 
intervening crack. 

Case V. — In this run the stagger of the airplane was reduced to Si inches, the tail plane 
was inverted so that the flat surface was uppermost and parallel to the longerons, also enough 
lead was placed in the nose of the airplane to give a center of gravity coefficient of 0.244. 

Case VI. — In this run the stagger was again 8£ inches, and the center of gravity coefficient, 
due to the heavy tail, was 0.370. The tail surface was a special one of thick section and high 
aspect ratio (fig. 2), with its chord parallel to the longerons. 

In none of these cases was the airplane very badly out of balance and at all times it could 
he flown with a fair degree of ease. In the fifth case, however, it was a little difficult to get 
the tail down in making a landing. It was noticed when flying the airplane with the special 
tail plane that the longitudinal stability was greatly improved and the airplane flew hands off 
with both open and closed throttle. 'Phis is quite remarkable in view of the rearward position 
of the center of gravity, and a more complete study will be made in a subsequent report. 

RANGE OF MR AND ENGINE SPEEDS. 

For the first five cases the following 22 combinations of air and engine speeds were used 
each time: 





Revolutions per minutr. 


600 


900 


1,200 


1,400 


Air speed 


45 


45 


45 


45 


50 


50 


50 


50 




60 


60 


60 


60 




70 


70 


70 


70 




80 


80 


80 


80 




100 
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In Case VI only the following combinations were used, as it was thought that, taken with 
the preceding data, the information obtained would be sufficient. 





Revolutions per 




minute. 




600 


1, 400 






45 




50 


50 




60 


60 




70 


70 




80 


80 




100 





GENERAL DISCUSSION OF RESULTS. 

The discussion will be mainly confined to the consideration of the actual pressures and to 
their relation to the structure. Further on the change in load with flight conditions will be 
analyzed more carefully in respect to airplane stresses and stability. The subject embraced 
by the report is so wide that it is difficult to keep in mind all of the data at one time, and only 
by constant reference to the curves can a comprehensive view be obtained. 

THE PRESSURE DISTRIBUTION WITH A STANDARD RIGGING OF THE AIRPLANE. 

For this run the preliminary curves under all conditions are given in figures 36 to 79. These 
are given in order to show the pressure distribution as separated on the upper and lower sur- 
faces. A suction is plotted downward and a pressure upward, the upper surface and the lower 
surface using the same base line. The greatest suction occurs on the lower surface of the tail 
plane very close to the leading edge. The suction is also large at the very tips of the tail plane, 
this being due to the raked tip acting in the same manner as a leading edge. There is also a 
tendency at high speed to have a large suction on the upper side of the elevator, especially 
near the outer part of the span. At no point, however, on the tail plane did the suction reach 
a value higher than inches of water, and as this suction is comparatively very small there 
should be no fear of stripping the fabric on a well-constructed job. 

It will be noticed that the pressure curve on the elevator has a rather definite wave form 
with a period of about 12 inches. The reason for this is probably that the discontinuity due 
to the joint between the elevator and the tail plane gives rise to a stationary wave which con- 
tinues along the surface of the elevator. It will be noticed later that when the crack is sealed 
up these waves are much reduced, but they are even then in evidence. The discontinuity of 
pressure at the hinge of the tail plane is in no case very large; in fact, it is much smaller than the 
results from the model test would indicate. The line of zero pressure used as a base line in a 
good many cases lies above the pressures on both the upper and lower surfaces, showing that 
the static pressure in the slip stream is below that of the true static; but this would not, of 
course, affect the load on the surface which is independent of the base line. It was also noticed 
that the pressure in the cockpit was from an eighth to a quarter of an inch below the true static. 

In order to give a better visualization of the pressures over the surface the total pressure 
has been plotted in figures 80 to 101 in order to show this more clearly. It is evident that the 
greatest load occurs on the leading edge of the right-hand side of the tail plane under practically 
all flight conditions. These curves show very strikingly how great a difference there is between 
the pressure distribution on the right and left side of the tail plane, so that a pressure distribu- 
tion comprising only one-half of the tail would be of very little value in determining the total 
tail load. Some of this difference is undoubtedly due to the fact that the rudder and fins are 
not symmetrical in flight, but the greater part is due to the fact that the angle of incidence and 
velocity over the two halves of the tail plane are different, due to the rotation of the slip stream. 
It should also be noticed that a very large torsional load could be put on the fuselage by not 
rigging the elevators at the same angle of incidence; that is, if one elevator is several degrees 
higher than the other it will greatly change the pressure distribution on the tail plane, so that 
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great care should be taken when rigging an airplane to ascertain that the elevators are properly 
lined up. 

In figures 123 to 144 the curves shown represent the total pressure on the tail plane plotted 
on a section taken parallel to the plane of symmetry of the airplane. These curves are shown, 
one for the load on the right-hand half of the tail plane, and one for the load on the left-hand 
half of the tail plane, and the third serves to represent the total load. The most important 
features shown by these curves are the considerable difference between the right and left half 
of the tail plane and the large suction at the leading edge of the tail plane. 

In figures 243 to 264 are shown curves giving the total pressure on the tail plane on a 
section at right angles to the X-axis of the airplane. These curves show that the pressure is 
greatest at the tips of the tail plane and elevators. By plotting the moment of the area of this 
curve about its line of symmetry it is possible to compute the torque of the tail plane about the 
X-axis of the airplane, which will be discussed more in detail in a later portion of the report. 

An attempt has been made in figure 13 to give a more realistic picture of the distribution of 
pressure than is conveyed by a set of curves. It is not possible to satisfactorily represent a 
three-dimensioned figure in two dimensions, but it is hoped that the photographs of these 
models will aid the reader in grasping the general trend of the tail pressures. The white surface 
is a plane lying in the tail surface and consequently representing zero pressure. A light-colored 
plastic material is used for negative pressures (down loads) and a dark material for the positive 
pressures, and the lighting is such as to show the relief to the best advantage. 

It can be stated in general that with the airplane rigged as described above that under no 
condition in uniform flight are the loads set up by the pressure on the tail plane at all large, 
the load per square foot on the tail plane seldom exceeding one-half pound per square foot and 
the maximum reached amounted to only 134 pounds per square foot. This load is quite insig- 
nificant and amounts to little more than the weight of the tail itself, so that it may be con- 
cluded in steady flight that the stresses in, or due to, the tail plane may be considered of quite 
negligible value. The torque on the fuselage due to the tail plane is, however, considerably 
larger than has been realized before. 

THE EFFECT OF CHANGING THE POSITION OF THE CENTER OF GRAVITY. 

In Run II the center of gravity was moved forward and the resulting pressure distribution 
on the tail plane was found to be similar to those of Case I. The preliminary curves were 
omitted, as it was thought that they would be of little interest, for they showed no great difference 
from the curves obtained in the first case. As was expected, moving the center of gravity 
forward produces a greater negative load on the tail plane. Examination of the curves, however, 
shows that there is practically no difference in the distribution of the pressure contained in the 
two cases. A discussion of variation in total load on the tail plane, due to the change in air 
speed and revolutions per minute of the engine, will be discussed later in relation to their effect 
on the stability of the airplane; but in general it may be stated that the distribution of pressure 
on the tail is not appreciably affected by any change of center of gravity position. 

EFFECT OF CHANGING THE STABILIZER ANGLE. 

Case III is a duplicate of Case EE, except that the position of the tail plane has been moved 
to 13^° of negative angle. Contrary to the case of altering the center of gravity position, the 
changing of the angle of the tail plane produces a considerable change in the distribution of 
pressure. This is explained by the fact that the total load on the tail must be the same as 
before, and as the tail plane is at a greater negative angle the load on this part of the tail plane 
would be more negative while the corresponding load on the elevator must be more positive, 
thus necessitating the lowering of the elevators. These facts are confirmed by the greater force 
that must be applied to the stick when the tail plane is turned to a more negative angle; that is, 
the ship feels as if it were more tail heavy with a negative tail-plane setting. This change of 
pressure distribution can be seen more clearly by comparing the curves of total pressure (figs. 
145-166) in Case II with similar curves occurring for Case III (figs. 167-188). The curves in 
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figure 15 show this change in load between the tail plane and elevators with a change in tail- 
plane setting. It is clear from these curves that a negative tail-plane setting of 1^° 
with the same center of gravity position will shift a load of about 20 pounds from 
the tail plane to the elevator, and it is interesting to notice that this distance between 
the different curves is practically constant in amount for any condition of flight. The 
difference in load, however, between the tail plane and elevator load varies in inverse proportion 
to the air speed. It may be concluded that a change in the angle of tail-plane setting makes 
a considerable difference in the distribution of pressure over the tail plane and in general a more 
negative setting of the tail gives a more negative pressure on the tail plane and a more positive 
pressure on the elevator. 

EFFECT OF SEALING THE HINGE CRACK BETWEEN THE ELEVATOR AND TAIL PLANE. 

As model tests indicated that there was a considerable amount of leakage of air through 
the hinge crack of the tail plane, it was thought that some data of interest might be obtained 
by taking a run with the crack sealed up. This was accomplished by placing thin sheet celluloid 

over the crack on both the upper and 
the lower surfaces so that the resulting 
surfaces were quite smooth and contin- 
uous with any elevator position. Ex- 
cept for a slight tendency to smooth 
out the wave form of the pressure curve 
on the elevator, there is no difference 
between the run with the crack scaled 
and with the crack open. For this rea- 
son only the curves of total pressure 
are given, in figures 189 to 210, as the 
other curves were similar to the curves 
of Run III within the errors of the ex- 
periment. The fact that there is no 
change in the pressure distribution with 
the sealing of the crack does not show 
conclusively that sealing the crack lias 
no effect on the efficiency of the tail, for 
the pressure distribution on a thin sur- 
face of this type does not indicate the drag, so that it may be that sealing the crack will con- 
siderably decrease this factor. 

THE EFFECT OF INVERTING THE TAIL PLANE. 

In this run the tail plane was inverted so that the flat surface was uppermost and parallel 
to the longerons. As should be expected, this change makes a marked difference in the distri- 
bution of pressure and the effect is clearly seen in the curves of pressure in figures 105 to 112. 
The greatest effect on the pressure distribution in this position of the tail plane is the more 
even distribution of pressure across the span, especially the elimination of the region of high 
suction near the tip of the tail plane. Curves of total pressure (figs. 211-232) show that the 
point of maximum suction is moved back from the leading edge a considerable amount and 
that the load on the elevator is also moved nearer to the trailing edge. That is, instead of being 
a sharp peak of suction immediately above the leading edge, as in Case II with the ordinary 
disposition of the tail plane, in the case where the tail plane is inverted this pressure is distributed 
fairly evenly over the whole tail plane, reaching its maximum about a third of the distance from 
the leading edge of the tail plane; so that it would seem that from a structural point of view it 
would be of great advantage to use this form of tail plane, as it would distribute the load in a 
more satisfactory manner. As will be shown later, this tail plane also gives a greater degree of 
stability, and its use is recommended from all points of view. 
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THE PRESSURE DISTRIBUTION OVER THE SPECIAL TAIL PLANE. 

The tail piano shown in figure 2 is of a more modern design and has a rather thick double- 
cambered section and also a considerably higher aspect ratio. The pressure curves which are 
given in figures 113 to 122 show that the pressure over the tail plane is greatly altered from 
that over the ordinary tail plane. The greatest difference is the very high peaks at the leading 
edge and at the elevator hinge, one up and the other down, which reach very great magnitudes 
at the higher speeds. This introduces high local loads and a large twisting moment that may 
seriously stress the tail structure. The cause of this peculiar distribution of pressure may be 
due either to the thick section or the high aspect ratio, but the former is the more probable 
cause. A model of this tail at 600 revolutions per minute and 100 miles per hour is shown in 
figure 14. This twisting about the Y-axis may be quite serious, and the front spar should be 
made very stiff in thick-sectioned tail planes to prevent a deflection of this member. In one 
case the moment about the Y-axis was over 600 foot-pounds — an exceedingly large moment, 
and one that might have caused failure in a less strongly constructed tail surface. 



/aoo 
aoo 

+400 

o 

-400 
800 
/200 
/600 



aooo 

Fig. /6. 







i 1 1 1 








MP/AT/OA/ Or TA/L TOPOOE 

WITH 

A/P SPEED. 
















\ x\ I <~ 1 












Jn 


V 




































f 








'400 




































V 





























































1? 



700 
600 
500 
400 
300 

aoo 
+/oo 
o 
-/oo 



45 50 



60 70 
speed /n M. P. //. 



ao 



aoo 

F/g. /7. 



















MP/AT/ON Or TA/L TOPQC/E 

WITH 

MOTOR SPEED. 












































































t 












































f 














< 




r 



















































600 



900 

/p. r m. 



/aoo 



/400 



TORSIONAL EFFECT DUE TO THE UNSYMMETRICAL LOADING OF THE TAIL PLANE. 

DISTRIBUTION OF LOAD ALONG THE SPAN OF THE TAIL SURFA< I 

In figures 243 to 264 a few cases have been worked out showing the total pressure on the 
tail taken normal to the X-axis of the airplane. These curves, while they show the shape of 
the pressure variation quite accurately, should not be taken as an indication of the exact total 
pressure, as it is impossible to fair these curves exactly, due to the irregular position of the 
holes; and for this reason they do not check with the more accurate determination obtained 
from cross fairing. They do show, however, the concentration of the load on the tip of the tail 
plane and also the unsymmetrical loading due to the rotation of the slip stream. 

All of the curves show a double maximum at the tip, the edge of the slip stream causing 
the inner one and the raked tips the outer. Although no torque curves were drawn for Case 
VI, it is very evident from an examination of the pressure curves that the torque on this tail is 
very small. This can be explained by the fact that the tips of the tail plane are out of the slip 
stream, so that there is little inducement for the building up of high pressures at these points. 



In figure 1 



VARIATION OF TORQUE WITH AIR SPEED. 

16 are shown three curves representing the torque in inch-pounds about the 



X-axis of the airplane plotted against air speed in miles per hour for several cases, at 1,400 
revolutions per minute. All of the curves increase to a positive value of the torque from 45 
miles per hour to about 60. From that part on, however, the curves fall off quite rapidly, 
especially in Run V where the curves indicate a considerable negative value. The shape of 
these curves is rather peculiar and it would not be expected that a maximum of positive torque 
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would be reached at a speed of 60 miles an hour. An explanation may be obtained perhaps 
by studying the velocity diagram obtained by the Royal Aircraft Establishment on a BE2C 
airplane of the tractor type. 2 These results show that the slip-stream is divided by the wings 
and body into two separate streams, one with an inclination downward and the other with an 
inclination upward, and that these two streams arc in various positions according to the slip 
of the propeller. It would be expected that the rotation of the slip stream would be propor- 
tional to the slip of the propeller; that is, at low air speeds and high engine speeds that the ro- 
tation of the slip stream would be a maximum and at high air speeds and low revolutions per 
minute that the slip stream might even rotate in the direction opposite to that of the pro- 
peller. Therefore, with a constant engine speed the positive torque on an airplane should be 
greatest at the low speeds and should increase proportionally to the air speed. The results 
of the British, however, as above referred to, show that the regions of high velocity do not 
occur at the same place at all flying conditions, but that the high-velocity regions are rotated 
with the propeller as the slip increases. This effect may then cause the high-velocity region 
of the slip stream on one side to flow cit her above or below the tail plane in some flying conditions, 
so that the torque would be in that case greatly changed as the slip stream on one side would 
pike that half of the tail plane and the slip stream on the other side would come above or below 



J 

METHOD OF DISTRIBUTING LOAD 
F/g./S. IN A SAND TEST 

it, thus making a large difference in the pressures on the two sides of the tail plane. That is, 
one-half of the tail, although it may have the higher angle of attack, due to slip stream rotation, 
at the same time it can have the lower load because of the greatly lowered slip-stream velocity 
on that side. This is undoubtedly the cause of the large negative torque that occurs on Run 
V at high air speeds. 

VARIATION OF TORQUE WITH ENGINE SPEED. 

In figure 17 are plotted curves showing the variation in tail-plane torques with a change 
in engine speed. These curves show, as would be expected, that the torques take a more 
positive value as the revolutions per minute of the engine is increased. A cause that may change 
the pressure distribution on the tail plane somewhat, and one that can not well be eliminated, 
is the effect of the rudder, as this member must be set over more to the right as the rate of 
engine speed is increased, in order to balance the torque of the propeller. 

RECOMMENDATIONS FOR SAND LOADING TAIL SURFACES. 

It is, of course, impossible to draw a final conclusion on the most logical method of sand 
loading until the work on tail loads in accelerated flight has been completed; however, as the 
tail load is usually considered to be of considerable magnitude in a rapid nose dive, the general 
characteristics of the regions of highest pressure may be summarized as follows: 




2 The Design of Screw Propellers for Aircraft, H. C. Watts, pp. 180-182. 
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(1) The most highly loaded region lies along the leading edge and along the tips of the 
tail plane and is of very narrow width, being about one-fifth of the chord of the whole tail 
surface, with the exception of Case V — where the tail plane was inverted — in which case the 
distribution was over the first three-fifths of the tail surface. 

(2) The load on the tail (negative) is proportional to the position of the center of gravity ; 
that is, the further forward the center of gravity the greater is the load on the tail. 

(3) The distribution of load along the span of the tail plane shows regions of high pres- 
sure at the tips. 

(4) In some cases, particularly at high engine speeds, there may be a large up pressure 
on one half of the tail plane and a large down pressure on the other half. 

(5) The down load on the elevator is in all cases very small and at times the up load may 
be considerable, but the latter is balanced by the static weight of the elevator and so is rela- 
tively unimportant. 

It should be noticed that the preceding conclusions are based only on uniform flight, with 
speeds up to 100 miles per hour, and the distribution, especially the down load on the elevator, 
may be considerably altered when this member is moved to a large angle with the tail plane, 
as would occur in accelerated flight. It is probable, however, that the load on the tail plane 



Leading edge. 




will not be much increased in stunting, as the damping effect will somewhat neutralize the load. 
The following recommendations for sand loading the tail surface are based on the conslusions 
from these tests in uniform flight: 

1. A unit loading on the tail surface of 3 pounds per square foot with a center of gravity 
position of 0.30 will be sufficient for speeds up to 120 miles per hour. Of course, this unit 
loading should be multiplied by the load factor which is used on the remainder of the airplane. 

2. The unit tail loading of the airplane should vary with the position of the center of gravity 
and it is recommended that if a center of gravity coefficient of 0.30 is taken as unity, 5 per 
cent of the tail load should be subtracted for every per cent that the center of gravity is back 
of this point (the center of gravity coefficient not to exceed 0.40), and 10 per cent should be 
added to the tail load for every per cent the center of gravity is forward of this point, per- 
centage being taken on the mean wing chord. 

3. The load should be distributed on the tail in a sand test around the leading edge and at 
the tips with a width of about one-fifth of the total tail surface chord as shown in figure 18. 

4. Because of the unsymmetrical loading of the tail surface at times, one side of the tail 
surfaces should be loaded at a time; that is, one half should be completely loaded, the load 
removed, the second half completely loaded and then both halves loaded together. 

58724—21 3 
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5. In uniform flight the elevator load can be neglected, as the loads are upward and these 
are balanced in a large part by the static weight of the elevators. The elevators should have a 
separate test in order to withstand a pull on the control stick which will represent the maximum 
that it would be possible for the pilot to exert, but this load would occur only when suddenly 
pulling up the elevators and would not be present in uniform flight. 

LONGITUDINAL STABILITY. 

The subject of longitudinal stability in free flight is in a rather confused state because of 
the complex effects of the slip stream, which are not as yet thoroughly understood. Praet ically 
all of the stability theory is based on coefficients which are determined from model tests made 
in the wind tunnel, and up to the present time it has been impossible to reproduce accurately 
the slip stream in the wind tunnel; so that the tests made in this way are not in any way com- 
pa rable with conditions in free flight when the engine is running. Only by a study of the forces 
on the controls and an exploration of the velocity and angle of the slip stream during various 
flight conditions can we come to any conclusions as to the effects on the longitudinal stability 
of various alterations in the airplane. It has been shown that the two causes which have the 
greatest effect on the longitudinal stability are the position of the center of gravity and the 
size, form, and position of the tail plane. 
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THE FUNCTION OF THE HORIZONTAL TAIL SURFACES. 

The methods of obtaining longitudinal stability by means of a horizontal tail surface can 
be made clear by citing a few simple examples. There is, in figure 19, plotted the center of 
pressure travel for a flat plate and a typical aerofoil. If the flat plate is supported at its leading 
edge or ahead of its leading edge it will evidently be stable — in the manner of a weather vane — 
for any angle of incidence, although there will be a position of unstable equilibrium at 180°. 
If the support is now moved 0.3 of the chord back from the leading edge, the plate will be stable 
at an angle of +70 (where the center of pressure is at the support), and is in unstable equilib- 
rium at 0°. This is the case of a balanced control surface which has a small unstable range 
about the zero position, a rather undesirable condition, especially on airships. Therefore a 
flat plate or a thin symmetrical surface must be supported at least as far forward as the leading 
edge to obtain complete stability when moving at a constant velocity. 

Now, considering the stability of a cambered surface, which has an unstable center of pres- 
sure travel, it can be shown that if the air passes by the wing at constant speed we may still 
have stability by placing the support far enough forward. For this purpose moment curves 
are plotted in figure 20 for various positions of the support, and it is seen that the wing is com- 
pletely stable — a curve of negative slope — when it is supported less than 0.24 of the chord from 
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the leading edge. It should be noted that the support need not be taken as far forward in the 
ease of cambered wing as with a flat plate in order to get stability even though the latter has a 
stable center of pressure travel. It may be concluded that a surface run at constant speed 
may be made stable, no matter what the center of pressure travel, provided the support be taken 
sufliciently far forward. 

For the full-sized airplane, however, we have different conditions; that is, there is a con- 
stant weight on the airplane and the speed varies in uniform flight in such a way that this weight 
will just be supported. Also in uniform (light the moment about the center of gravity must 
always be zero; that is, the moment due to the wings and body must at all times be balanced 
by a moment, in the opposite direction and of the same magnitude, exerted by the tail surfaces. 
In the case of an airplane in flight, then, the moment curve will be defined by the weight of the 
airplane multiplied by the distance of the center of pressure to the center of gravity. This 
curve will, therefore, always have the same shape no matter what the position of the center of 
gravity, thus giving the moment curves of the wings stability or instability according to 
whether the center of pressure travel is stable or unstable. 

As it is impossible to make a simple surface stable at varying speeds unless the center of 
pressure travel is stable and there is no practical surface with this property, it is necessary to 
resort to a secondary surface known as the tail plane to obtain stability in a full-sized air- 
plane. The tail plane acts in the same way as the vane on a weathercock; that is, the moment 
curve due to the tail is very stable because of the large distance between the tail plane and 
the center of gravity. In this case the tail plane does not carry a constant load, as do the 
wings, so that its moment curve can be very stable even though the center of pressure travel 
for the surface itself be unstable. Suppose a series of moment curves are plotted as in figure 
21 for a model airplane in the wind tunnel at various positions of the elevator. Now, if this 
airplane is flying at varying speed and constant load, the moments on the model tests at any 
given angle of incidence would be multiplied by the square of the ratio of the corresponding full- 
scale speed to the speed of the model test, giving the series of curves shown in figure 22. It is 
seen that these new moment curves are stable at higji angles of incidence and are all tangent to 
the constant moment curve at zero moment; but as the moment of the full scale airplane at a 
constant flight speed must be zero, the only part of the variable-speed curve we are interested 
in is where it crosses the zero moment axis. The stability is determined by the slope of the 
moment curve, and as the two curves — constant and varying speed — are tangent at zero 
moment, it is evident that the. stability at varying speed is the same as at constant speed, pro- 
viding the moment curves for various elevator settings are parallel ; and this is the case in prac- 
tically all airplanes. From the standpoint of efficiency it is not desirable to move the center 
of gravity far enough forward to obtain complete stability for the wings alone, but this is 
unnecessary if the moment curve of the tail is stable, for by combining a very stable tail with 
a slightly unstable wing the complete airplane will have stability. 

The moments of unstable wings can be made stable at constant speed by moving the center 
of gravity far enough forward, but with a constant load and varying speeds, the stability of the 
wings can not be changed by varying the position of the center of gravity. The complete air- 
plane, however, has the same stability for varying speeds as it has for constant speed. It should 
be noticed that although the vectors obtained by a model test may be stable, this does not mean 
that an airplane in free flight will be stable; on the other hand, an airplane may be stable in 
flight even though it has an unstable position of the vectors. However, if the slope of the 
moment curve on the model is negative the full-sized airplane will be stable, and if positive it 
will be unstable, of course neglecting the effect of the slip stream. 

ACTION OF THE TAIL PLANE AND ELEVATOR IN PRODUCING PITCHING MOMENTS. 

The horizontal tail surface consists, in almost all modern airplanes, of a fixed portion with a 
movable portion hinged to its rear edge. The turning of the rear part will, first, change the 
angle of attack of the entire tail surface, and, second, change the camber of the section, thus 
effectively changing the lift coefficient of the tail by the application of very little force to the con- 
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trols. The pressure curves indicate that the distribution of load is constant between the two 
parts of the tail for the small angular changes used in flight, so that it maybe assumed that the 
force on the elevator is very nearly proportional to the force on the whole horizontal tail surface. 
This is confirmed by the similarity between the stick force curves and the pitching moment 
curves of the tail, although there is a discrepancy at very low speeds where the elevator angle 
is quite large. 

It is desirable in every airplane to have the stick force zero at the normal flying speed, a result 
that may be accomplished in two ways; first, the inevitable weight of the elevator may be bal- 
anced statically by weights or springs, or, second, the weight may be balanced — as is usual — 
by the air force acting on that member. Now, in order to obtain a sufficient air force to balance 
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the weight of an ordinary elevator, it is neces- 
sary to make a change (backward) of the cen- 
ter of gravity to increase the total up load on 
the tail, of which the elevator will get a small 
share; or, better, to decrease the angular sotting 
of the tail plane, which, as has been shown, 
increases the proportion of load on this part. 
This is the function of the adjustable tail plane which can be used to minimize the stick force 
at any ordinary flight condition. Even a small change in elevator weight may greatly alter 
the stability of the airplane because of the important changes that arc made on the airplane to 
balance it aerodynamically. As will be shown later, these changes greatly affect the distribu- 
tion of pressure on the tail surface. 

The tail surface works normally at rather small angles of incidence and with a small total 
load; so that the center of pressure is often off of the surface, thus having little significance. 
The load on the tail generally reverses in sign at a certain speed making the center of pressure 
curve discontinuous. The center of pressure curves for Case III are plotted in figure 23 against 
air speed; a separate curve for each engine speed. The curves are quite regular and the vectors 
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are further forward with the lower engine speeds. At 65 miles per hour, where the load changes 
sign, the vector passes off the rear and returns at the forward edge of the tail plane. 

The center of pressure curves for the elevator alone are shown in figure 24; the curves for the 
various engine speeds being close together, with a tendency for the center of pressure to be fur- 
ther forward with higher engine speeds. The movement of the center of pressure is small, and 
moves forward from 45 miles per hour to 60 miles per hour, but at higher speeds again moves to 
the rear. 

In figure 25 are plotted the moment curves of the elevator about its hinge for various engine 
speeds and air speeds, and while it is evident that a great many of the points do not lie on the 
curve, because a very small error in drawing the pressure curve at the trailing edge of the elevator 
makes a great difference in the moment about the hinge, these curves can be considered as fairly 
accurate, as they check with the moment curve obtained by measuring the direct force on 
the control stick, and it may be considered that they are sufficiently correct for an illustration. 
With a center of gravity position in this run — a coefficient of 0.324 — it is shown that the 
moments are all positive; that is, there is a tendency of the air to lift the elevator. At low air 
speeds this upward force on the elevator is rather small, especially at low engine speeds; but 
as the air speed is increased the load reaches a maximum at about 65 miles an hour. As the 
speed increases from this value the curves all tend to go downward; that is, the upward force 
on the elevator is increased about proportionally to the air speed. In order to complete the 
data, in figure 26 are plotted curves showing the angles of the elevator for a similar condition of 
flight, and it is interesting to notice from these curves the small angle the elevator moves through 
for greatly changing flight conditions, and for this reason it is unnecessary in this report to 
resolve any of the forces on the elevator into the plane of the tail plane. These curves show that 
the angle of the elevator is increased; that is, is more positive as the air speed increases up to 
about 55 miles per hour; from this point on, however, the angle of the elevator slightly decreases 
and reaches about a neutral angle at the higher flight speed. It also shows that the higher 
engine speed requires the greater positive angle of elevator setting. 

ACTUAL PITCHING MOMENT ABOUT THE CENTER OF GRAVITY DUE TO THE TAIL PLANE. 

The pitching moment produced by the tail plane about the center of gravity of the airplane 
is evidently found by the product of the distance from the center of pressure of the horizontal 
tail surfaces to the center of gravity and the load on the tail as found by integrating the pressure 
over the whole of the horizontal surface. In figures 27 to 31 the curves as determined in this 
way are plotted against the air speed in miles per hour for various engine speeds. As shown in 
the curves for Case I, the pitching moment has a more positive value as the engine speed is 
decreased, except at 600 revolutions per minute, which is in nearly all the other cases abnormally 
high. The curves all decrease from a negative to a more positive value as the air speed is 
increased, and within the experimental error the curves are parallel; at low speeds the curves 
become more nearly horizontal. It will be noted that in Case I, where the center of gravity 
was a large distance back on the mean chord, that the curves for different engine speeds are 
quite widely separated, while in Cases II, III, and IV the curves lie very closely together; but in 
Case V the curves are again separated at high speeds, and it is a remarkable fact that the order 
of the curves in this case is entirely reversed; that is, that the curve at 1,400 revolutions per 
minute is lowest and that at 600 revolutions per minute is highest. As the thrust line of the 
engine is about 3 inches below the center of gravity of the airplane, it would be expected that 
at high engine speeds the thrust would tend to produce a positive moment on the airplane and 
that this would be resisted by a pitching or negative moment on the tail plane, and this is 
evidently what happened in most of the cases. The reason for the abnormally high negative 
value of the pitching moment curve for 600 revolutions per minute is not very clear, and it is 
probably due to some effect of the slip stream — or lack of slip stream — on the wings or body. 
The complete reversal of the moment curves for Case V, however, is still more puzzling and can 
only be explained by the change in stagger — which was necessary in this case— producing 
different forces by interaction with the slip stream. As would be expected, the pitching moment 
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curves have a more negative value as the center of gravity is moved forward, and, as will be 
shown later on, the center of pressure curves from these moments show very good agreement 
for all center of gravity positions. 

CENTER OF PRESSURE TRAVEL COMPUTED FROM MOMENT CURVES. 

The distance of the center of pressure from the center of gravity of the airplane is evidently 
equal to the moment about the center of gravity due to the wings, divided by the weight of the 
airplane, which is constant; so that in all cases the center of pressure curve will be parallel to 
the moment curve no matter what position the center of gravity has. In figure 32 is shown 
the center of pressure curves for all cases and also for the case of a wing tested in the wind 
tunnel having the same section as that of the full-sized wing. In order to obtain the true 
pitching moment of the wings alone, the moment of the chassis and body, although small, must 
be subtracted; so a model body and chassis were tested in the wind tunnel in order to obtain 
their true pitching moment about the center of gravity in each case (fig. 33). These values, 
corrected for scale, were then subtracted 'from the full-scale pitching moment due to the tail, 
thus giving the moment for the wings alone, It will be seen that the results of the several cases 
check very closely, and it may be concluded that this center of pressure travel is very close to 
that actually occurring in flight. The full-flight center of pressure travel is, however, con- 
siderably farther forward than it is in the model, and this is the same conclusion that was 

/1ng/e of attack. 
3<> 4° 5° 6° 7° 




Fig. 3e. 



70 60 SO 
/f/>- speed in M. P. Si. 



reached by the British in their tests as noted previously. The difference is not great, but still 
it is enough to account for a considerable lack of balance in the full-size airplane if the center 
of gravity position is computed strictly from wind-tunnel results. The total travel of the 
center pressure on the full-sized airplane is less than it is on the model; so that the full-sized 
airplane might be expected to be more stable than the model under similar conditions. 

THE RELATION OF THE STABILITY TO THE PRESSURE DISTRIBUTION ON THE TAIL SURFACES. 

The stability of the airplane is dependent upon two factors; the first is the moment curve 
of the wings alone, which in most cases is unstable, and the second the moment curve of the 
tail, which is usually very stable. The first is mainly affected by the wing section used, by the 
amount of stagger, and, most important, by the position of the center of gravity; the second 
is affected almost entirely by the length of the body and by the aspect ratio of the tail plane, 
for the moment curve will evidently be more stable the more rapidly the lift of the tail-plane 
is changed for a given change in the angle of attack, and this change in slope of the lift curve 
is mainly affected by the aspect ratio of this surface. The stability of the airplane, then, can 
be increased in two ways; first, by making the moment curve of the wings more stable, or, 
second, by increasing the efficiency of the tail surface. 

The stability of an airplane, as shown in Report No. 96, may be measured in two different 
ways; one with fixed controls and the other with free controls, and, as is generally the case, the 
stability with fixed control evidently depends on the change in the position of the elevator for 
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different flight conditions, while the stability with free controls depends entirely on the force on 
the elevator for various flight conditions. It is this last condition which can be studied quite 
readily from the distribution of pressure on the tail surfaces, and in no other way can the exact 
process of the stabilizing effect on the tail plane be visualized. 

In order to study more clearly the effect on the pressure distribution on the horizontal tail 
surfaces of various changes in the airplane, the pressure distribution curves are shown in figure 
34 for the different cases at 600 revolutions per minute and at the various air speeds investigated. 
These curves are not drawn as accurately as the originals and are only intended to bring together 
in one place the various curves, so that they may be more easily compared; but their accuracy 
is quite sufficient for use as an illustration. 

In Case I there is a marked upward pressure at the leading edge of the tail plane at the lowest 
speeds, but as the speed increases this region of upward pressure moves backward, and at about 
60 miles per hour a region of downward pressure appears at the lower side, increasing to larger 
and larger values as the speed increases. It will be noticed that as the air speed drops from 60 
to 50 miles per hour the upload on the elevator increases (unstable) , due to increased suction 
near the hinge. From 50 to 45 miles per hour the upload increases (stable), due to the elimina- 
tion of the downward pressure at the trailing edge of the elevator caused by its more negative 
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angle. On the other hand, as the speed increases from 60 to 100 miles per hour the upload is 
decreased (unstable) until at the highest speed the load becomes downward, due to a negative 
pressure region at the rear of the elevator caused by the positive elevator angle. At the high 
speed not only the weight of the elevator itself but the downward air force must be held by the 
pilot, making it necessary for him to exert a considerable pull on the control stick; and if the 
control in this position were released the airplane would immediately nose over onto its back, a 
thing which has actually happened with this type of airplane in actual flight. 

It might be well to define here the terms "tail heavy 7 ' and "nose heavy " as used by the 
pilot, Generally speaking, the pilot considers an airplane nose heavy when there is for the 
greater portion of the flying range a pull on the stick; inversely, it is tail heavy if there is an 
undue push on the stick. This force on the stick may be due, however, to two causes: The first 
is the weight of the elevator itself, which is no unimportant part of total stick pull, and the 
second is the air load on the elevator, which, it will be seen, varies with the different flight condi- 
tions. For a balanced condition of the control it is necessary, then, to have an upward air force 
on the elevator which is equivalent to the weight of that member, and in some instances the ele- 
vator is so heavy that this necessitates a large and usually detrimental change in the airplane to 
affect this condition. 
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In Case II the only change that has been made from the preceding is the movement of the 
center of gravity from a coefficient of 0.326 to 0.381. It will be seen that there is no great change 
in the distribution of pressure; a general increase on the upload of the tail surface is all that is 
seen, as would be expected from a change in the center of gravity. The general characteristics 
of the pressure on the elevator are the same as before, except that the load on the elevator is 
more downward at low speeds and of about the same value at high speeds, so that the airplane 
is on the whole more nose heavy; still the stability has been improved, this improvement being 
due primarily, of course, to the more stable moment curve of the wings, and the tail load is 
balanced by this moment. 

In Case III the only change was the more negative setting of the tail plane; the pressure dis- 
tribution, however, suffers a considerable alteration. In the first place, there is at the leading 
edge a small region of upward pressure at low speeds and a greater region at low speeds than 
occurred in the preceding case, and, as was shown before, the distribution of pressure between 
the tail plane and elevator is such as to increase the positive load on the elevator and decrease 
that on the tail plane. The elevator has a considerable upload in all cases due to the elimina- 
tion of the negative pressure area at its trailing edge, and this is confirmed by the decreased 
nose heaviness in flight. The function of the adjustable tail plane, therefore, is not to alter the 
total load on the tail plane, as this must be constant for any one flight speed and center of gravity 
position, but to vary the distribution of load between the movable and fixed portion of the tail 
surface, so that the moment about the elevator hinge may be made as small as desired. It is 
evident by the pressure distribution curve that the stability is increased by a negative change 
in the stabilizing angle; that is, there is less down load on the elevator at the higher flying 
speeds. 

In Case V where the tail plane is inverted — that is, the flat surface uppermost — a very 
considerable change in the pressure distribution is shown. The negative region at the leading 
edge at low speeds is concentrated more nearly at the front, but at higher speeds the pressure 
reverses and the positive region is more to the rear; so that the region of maximum pressure is 
moved a considerable distance back on the tail plane, and altogether there is a greater load on 
the tail plane than in any other case, as would be expected with a more forward position of center 
of gravity. The pressure conditions on the elevator are quite different in this case, due chiefly 
to the very forward position of the center of gravity, but undoubtedly the more efficient action 
of the tail plane in this position increases the high speed stability as shown in Report No. 96. 
There is a down load on the elevator at low speeds which changes to an up load as the speed 
increases, producing considerable stability, although the airplane is at all times rather nose 
heavy. 

In Case VI the center of gravity coefficient was 0.370 and the special tail plane was used hav- 
ing a greater span and a thicker section. The distribution of pressure over the tail plane is very 
different from the other cases, and while the pressure curves for similar conditions have some- 
what the same shape, the down pressure at the nose and the up pressure at the tail were very 
much exaggerated, producing exceedingly large values at high speed; and these higher pressure 
regions are concentrated on a very small portion of the chord in each case. It is also evident 
from the curves how great is the stability of the airplane with this tail plane even though the 
center of gravity is far back — as the downward pressure on the elevator at low speeds rapidly 
increases with the air speed to rather great upward values. 

THE EFFECT OF THE SLIP STREAM ON STABILITY 

It has been clearly shown in Report No. 96 that the longitudinal stability of the tail plane 
is considerably decreased by the effect of the slip stream on the tail surface, because if these 
members are in constant or nearly constant flow of air it is much more difficult to obtain stability 
than if they are in an air flow which varies as the speed of flight. The efficiency of the tail 
surface then will be proportional to the amount of area which is outside of the slip stream, so 
that a tail plane of high aspect ratio is of great advantage in increasing the stability, not only 
because it increases the steepness of the lift curve but because it has a considerable amount of 
area which is outside of the slip stream. 
58724—21 4 
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The effect on the stability of an airplane from the variation in the slip stream caused by 
changing the engine speed is very complex and little actual data have been obtained on it. For 
the purpose of showing more clearly the effect on the pressure distribution over the tail surfaces 
with the variation in engine speeds, there are shown in figure 35 the various curves of pressure 
distribution for the four engine speeds tried, and for the various conditions of the airplane. 
As in figure 34, these curves are not intended to represent accurately the pressures, but are only 
drawn in a general way to serve as an illustration; Case IV was omitted for the reason that it 
showed no difference from Case III, and in Case VI there were no runs taken at 900 and 1,200 
revolutions per minute. 

The free control stability as determined for this airplane in Report No. 96 shows that in 
general there is a pull on the stick, and the down load on the elevator is greatest at low engine 
speeds. This effect is shown in all the cases, although it is not as evident visually as might be 
expected because the downward pressure at the low engine speeds occurs at the trailing edge of 
the elevator, and even though the total load on the elevator does not decrease with the air speed, 
the moment about the hinge will be more negative with the lower air speeds. In all cases the 
lower engine speed produces a greater down load at the nose of the tail plane and at the same time 
a higher region over the hinge, and as the engine speed decreases there is a greater region of 
down pressure at the rear of the elevator. 

How far the effect of the slip stream changes the distribution of pressure over the tail 
surfaces by a change in velocity or by a change in direction can not be determined until more 
complete data are obtained on the slip-stream direction and velocity around the tail surfaces. 
It is necessary, however, to distinguish between cause and effect; that is, there is a pitching 
moment about the center of gravity due to the wings, the body, and the moment of the propeller 
• thrust about the center of gravity; all of which must be balanced by the load on the tail, and in 
steady flight the elevator must be placed in such a position that this load produces a moment 
about the center of gravity which is exactly equal to the total moment produced from the 
other causes. Therefore, the change in total load on the tail surfaces at a given air speed mu>t 
be due to a change in- moment about the center of gravity, caused either by the moment of the 
propeller thrust about the center of gravity or by the slip-stream effect on the wings and body; 
on the other hand, the distribution of pressure over the tail surfaces and the change in pressure 
on the elevator in particular are determined by the direction and velocity of the air passing 
over these surfaces, and this changes (at constant flight speed) only with a variation in the speed 
of the engine. With a constant setting of the elevator in an airplane which is flying, trimmed 
at, say, 600 revolutions per minute, when the engine is opened up to 1,400 revolutions per 
minute the average airplane will tend to climb. This is due not primarily to the fact that the 
thrust line is slightly below the center of gravity but is mainly due to the fact that the velocity 
over the tail is greater and in a more downward direction — that is, the negative load on the 
tail is greater— which tends to raise the nose of the airplane to such an angle that the moment 
of the tail plane is balanced by the moment of the wings about the center of gravity; therefore, 
the more stable the airplane the less variation in air speed will there be between various throttle 
settings for equilibrium conditions. 

SUGGESTIONS FOR FURTHER RESEARCH. 

As the value of a research is not only in answering questions but also in finding questions 
to answer, it is believed that a short discussion of the difficulties encountered in this investi- 
gation and the problems for which a satisfactory solution has not been arrived at will be of 
value in guiding future work of this kind. It might be argued that unsolved problems would 
be of little value to the average person, but the recognition of problems that are worth solving 
is a step ahead in any branch of research and their suggestion may lead to new lines of thought. 

One of the most important problems, and one on which there has been only a little light 
shed, is the section of the tail plane. It is seen from the tests in this report that the tail plane 
with a thick section gives very high local pressures at the leading edge and at the elevator hinge, 
but at the same time it also gives to the airplane an excellent degree of stability; and the ques- 
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tion that has not been answered is whether the even distribution of pressure over the tail sur- 
faces is incompatible with a stable tail moment curve. It is suggested in Report No. 96 that 
the point of maximum stability depended upon the relation of the camber on the upper or 
lower surface of the tail plane, and that a high upper camber gives stability at low speeds, 
while a high lower camber gives stability at high speeds. Also the results in this report show 
conclusively that a tail plane with a flat upper surface and a considerable camber below gives 
a much more even distribution of pressure than the usual type of tail where the flat surface 
is the lower. The whole problem, then, consists in finding that section which will give the 
greatest stability with the most even distribution of load over the tail surface. Of course in 
some airplanes a high degree of stability is not required or even desirable, in which case it is 
still best to use the most efficient tail section, and if the stability is to be reduced, to cut down 
the area of the surfaces. 

Another unsolved problem which is of the greatest importance in the design of tail surfaces 
is the investigation of the causes for the vibrations which occur in some tail planes. It is believed 
that this is the reason for the failure of some tail planes which are structurally quite strong enough 
to withstand the static load which is imposed upon them. The data from this investigation 
show that there is in some instances a very great torsional load on the tail plane about the 
Y-axis which produces a considerable change in the angle of setting of this member due to deflec- 
tion, and this deflection in turn would cause a still greater change in the pitching moment; so 
it is quite conceivable that pressure conditions could arise in which an oscillation would be 
set up about the Y-axis which might become dangerously large for certain speeds. 

In regard to the changes in the methods and instruments which would be recommended 
for another test of this kind, the first would be the recording on the same film with the pres- 
sures, as at present, the value of the air speed, the engine speed, and the angle of the elevator. 
This could be done very easily by measuring the air speed by the height of the liquid in one of 
the tubes in the same way that the pressures are measured, and the revolutions of the engine 
could be recorded in the same way with a liquid column raised by a centrifugal pump as in the 
Veeder liquid tachometer. The angle of the elevator could be easily recorded by placing a 
scale in the center of the gauge and having a small pointer running over it on a flexible 
wire connected to the control system. In this way a better check could be obtained upon 
the accuracy of flying done by the pilot, and it would also give additional data which would 
be of value in studying the results of the pressure readings. As mentioned before, the neces- 
sity for making capillary corrections for each one of these tubes in the gauge was very laborious, 
and in another instrument every effort would be made to obtain tubes of such uniform bore 
that these corrections could be neglected. 

CONCLUSIONS. 

STRUCTURAL CONSIDERATIONS. 

The most interesting results obtained from these tests are, perhaps, the very low average 
load per square foot on the usual type of tail plane during steady flight; so small in fact that it 
could not in any cpnceivable way cause failure, even on the weakest tail plane. With the tail 
plane of thick section, however, the conditions were quite different, even though the average 
load was of course the same as before. A very high local down load occurred at the leading 
edge and converselv a very high up load occurred at the hinge, which consequently produced a 
very large torsional moment about the Y-axis of the airplane, so that this type of loading 
might prove structurally unsafe unless the front spar was made exceptionally stiff. It is also 
shown that there may be considerable danger in the use of an adjustable tail plane which can 
reduce the load on the controls to a very small amount, yet the load on the tail plane itself may 
be very large, in some cases dangerously so, without giving warning to the pilot. The advan- 
tages of an inverted tail plane— that is, a section with the greatest camber on the lower surface- 
are made evident from the pressure curves, which show a much more even distribution of pres- 
sure over the tail surfaces with this arrangement. The use of a tail plane of high aspect ratio 
is in some cases a structural advantage because it brings the tips of the tail surface outside of 
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the slip stream, and it is the tip of the tail plane which carries a considerable proportion of the 
load; and if the tip is in the slip stream, as is the case with a great many tail planes, this load 
is considerably augmented. In this case the load may be upward on one side of the tail plane 
and down on the other, due to the rotation of the slip stream, producing a very large torque 
about the X-axis of the airplane, while with the high aspect ratio plane this torque is considerably 
reduced. 

STABILITY. 

The conclusions reached on stability may be summed up briefly by stating that the efficiency 
of the tail plane is increased by an increase in aspect ratio far more than by any other change, 
and this is proved not only by pressure distribution but by theory and by tests on the stability 
of the airplane from measurements of the elevator force and position. The center of pressure 
travel for the wings as determined from the integrated pressure on the tail surfaces give curves 
that are fairly consistent with themselves and with results obtained in another way by the British, 
but the center of pressure is slightly further forward on the full size airplane than it is on the 
model. 
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Load on 
elevator, 
in pounds 
per square 
foot. 



1.1 

.7 
.7 
.0 

.0 I 
1.0 

.4 

.3 

.0 
L4 

.2 

.6 

.0 I 



1.9 
1.2 
I.J 
1.2 
.6 

:f 

1.4 

1.0 

.7 

. 1 

.3 
1.0 

.7 

.5 

.7 

.0 

.7 
1.0 

.7 

.0 

.1 

.7 
1.8 

.9 

.7 

.3 

.0 
I. 1 
1.7 



.4 
..4 
-.6 
1.3 
.9 
.4 
.0 
.7 
1.5 



.3 
1.2 
1.5 
US 



0.5 
.6 
.5 
.3 

1.1 
.1 
.2 
. 1 
. 1 



+ Down loading. 



Total load, 
in pounds 
per square 
foot. 



0.8 
.7 
.6 
.2 
.5 
.6 
.4 
.2 
.0 

1.1 
.2 
.3 
.1 
.4 

1.2 



.8 

.4 
.0 
.6 
1.0 

.7 
.6 
.2 
.0 
.5 
. 5 
.3 
.6 
.0 
.4 
. 5 
.4 
.0 
. I 
.4 

1.1 
.4 
.3 
. 1 
.0 
.7 

1.0 

.6 
.6 
.0 
.1 
.4 
.8 
.5 
.3 
.0 
.6 
.4 
.5 
.0 
.5 
.7 
.6 



Maximum 
local load 
in pounds 
per square 
foot. 



Moment 
about cen- 
ter line 
of tail, in 

inch- 
pounds. 



+ 7.1 
+ 8.1 
+ 7.7 j 
+ 0.8 
+ 1.2 

- 2.8 
-1-2.8 
+ 5.2 
+ 7.0 
+ 9.9 
+ 9-1 

- 2.1 
+ 3.6 
+- 6.6 
+ 10.7 
+ 8.1 

- 3.7 

- 2.9 

- 2.6 

- 4.2 
+ 8.8 
+ 8.8 

- 4.2 
+ 6.5 
+ 7.8 
+ 10.8 
+ 13.6 

- 2.9 

- 2.9 
+ 4.7 
+ 6.5 
+ 9.4 

- 3.1 

- 2.6 
+ 3.1 
+ 3.1 
+ 6.5 
+ 9.9 

- 3.1 

- 1.8 
+ 2.3 
+ 3.1 
+ 6.8 
+11.5 

+ 6.5 
+ 7.8 
+ 9.6 
+ 12.3 
+ 14.6 
+ 2.9 
+ 4.4 
+ 13 
+ 9.1 
+ 11.5 

- 2.1 

- 1.8 
3.7 
7.8 
s. :\ 
8.3 



613 
668 
460 
406 
549 



367 



432 
619 
1,216 
534 
382 



^7 
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+ 
+ 
+ 



— Up loading. 



HORIZONTAL TAIL SURFACE OF AN AIRPLANE. 
TABLE OF RESULTS — Continued. 
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Revolu- 
tions per 
minute. 



Case III. 



Case IV. 



Case V. 



Case VI. 



600 



1,-100 



1,200 



900 



600 



1,400 



1,200 



900 



600 



1,400 



600 



Air speed. 



45 
50 
60 
70 
80 

100 
45 
50 
60 
70 
80 
45 
50 
60 
70 
80 
45 
50 
60 
70 
80 
90 
45 
50 
60 
70 
80 

100 

45 
50 
60 
70 
80 
45 
50 
60 
70 
80 
45 
50 
60 
70 
80 
90 
45 
50 
60 
70 
80 
100 

45 
50 
60 
70 
80 
50 
60 
70 
80 
100 



Center of c t f 

SESSteff 1 pressure on 
whole tail, ftlfivator . 
inches 
ahead of 
hinge. 



43 



elevator, 
inches back 
of hinge. 



21 


12 


21 


10 


64 


14 


195 


10 


53 


13 


32 


45 


4 


11 


5 


12 


29 


12 


124 


7 


123 


10 


7 


10 


5 


11 


31 


10 


53 


12 


84 


13 


19 


21 


13 


12 


1 


11 


26 


15 


45 


10 


34 


- 16 


16 


22 


16 


9 


1 


17 


145 


8 


176 


13 


43 


12 


23 


-ISO 


59 


11 


57 


11 


25 


176 


24 


38 



64 


70 


5 


16 


21 


. 45 


32 


2 


25 


6 


23 


- 2 


65 


9 


7 


11 


35 
69 


6 
13 


31 


- 4 


29 


1 



Load on 
tail plane, 
in pounds 
per square 
foot. 



0.9 
.6 
.1 
.5 

1.1 

-. 1 
.7 
.6 
.1 
.8 

1.3 
.7 
.5 
.0 
.1 
.7 
.9 
.6 
.4 
.0 
.0 

1.5 

1.2 
.6 
.2 
.2 
.4 

2.5 



1.1 

1.3 
2.9 
3.8 
.6 
.7 
1.3 
2.2 
2.9 
.0 
.2 
.8 
1.6 
3.5 
3.9 
.1 
.2 
.5 
1.1 
1.9 
3.6 



Load on 
elevator, 
in pounds 
per square 
foot. 



10 
10 



.7 
.7 
1.0 
.4 



Total load, 
in pounds 
per square 
foot. 



0.6 
.4 
.1 
.1 
.4 

1.2 
.6 
.7 
.4 
.2 
.3 



.4 
.2 
.0 
. 1 
1.1 

.3 
.4 
.5 
1.6 
2.3 
.4 
.3 
.5 
1.2 
1.5 
.0 
.2 
.5 
.8 
2.0 
2.1 
.2 
.2 
.3 
.3 
1.0 
2.0 



Maximum 
local load 
in pounds 
per square 
foot. 



- 3.1 

- 1.6 
+ 1.8 
+ 5.2 
+ 6.8 
+ 12.3 
+ 6.5 



+ 6.0 



f 6.8 



+ 15.6 

+ 3.1 
+ 5.2 
+ 6.8 
+ 6.8 
+ 9.4 

- 3.7 

- 3.1 
+ 3.9 
+ 6.5 
+ 8.3 

- 2.8 

- 2 8 
+ 2.1 
+ 4.2 
+ 7.0 
+ 10.8 

- 4.2 

- 2.6 
+ 1.5 
+ 4.4 
+ 6.2 
+ 8.3 

- 8.6 

- 8.3 

- 9.1 
-12.6 
-14.6 

- 4.7 

- 3.9 
+ 6.5 
+10.8 
+15.6 



+ Down loading. 



— Up loading. 
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HKPOKT XATTOXAL ADVISORY I'OM.MITTKK FOR AKIiON ATTICS. 



case: I 



MOO P.PM. 45 M.P.H. 




LETT CASE I. 
SIDE. 




MOO PPM. 



*~ Lower surface. 



H C 




45 M.P.H. P/G/iT. 



Kg. 4/. 



CASE I. 



MOO PP/V. 



50 M.P.H. RIGHT 




~/g.42. 



CASE I. 



60 M.P.H 




LEFT CASE I. 
SIDE 



MOO PPM. 




HORIZONTAL TAIL SURFACE OF AN AIRPLANE. 
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REPORT NATIONAL ADVISORY COM MITT HE FOR AERONAUTICS. 



CASE I. 



/ZOO R.P.M. 



L o wer surface . 



Kg. 47. 



50 M.P.H. 



LEFT CASE T. 
S/OE 



/ZOO r?.F>M. 



53* 



Upper surface. 



7\' 




f/g.sa 





HORIZONTAL TAIL SURFACE OF AN AIRPLANE. 
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Fig 50 




Fig. 56 



F/g.62. 



CASE I. 



300 R.P.M. I 50 M.P.H. 




LEFT CASE I. 
5/OF 



L o wer surface . 



, Upper surface 



Fig. 57. 




900 R.P.M 



50 M.PH. 



RIGHT. 

9k 



>r surrac^. 

-- .-=A " 



L o wer surface.^ 



1 



=0*4' 



Upper surface 



Fig. 63. 



36 



REPORT NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS. 



60 M.P.H. 



LEFT 
S/D£. 




F/'g. 58. 



L o wer surface. 



F/g. 64. 



60 M.P.H FIGHT. 




Upper Surface. 



CASF I. 



900 PPM. 




70 M.P.H. 



LEFT 
SIDE. 



CASE I. 



900 R.P.M. II 70 M.P.H. 




Lower surface.^ 



Upper surface. 



F/g. 65. 



CA5E I. 



900 P.P.M. 




CASE r. 



900 P.P.M. I 60 M.P.H. 



P/6HT. 



HORIZONTAL TAIL SURFACE OF AN AIRPLANE. 
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30 M.P/i. RIGHT. 




F/g.61. 



F/g.67. 



45 M.RH. 



LETT CASE T 

SIDE. LA * L J - 



45 M.PH P/GHT. 




CASE L 



600 P.RM. 



Lower surface. 



F/g. 69. 



50 M.RH. LEFT 
5/OE 



H 



Upper surface. 



-7 



CASE I. 



600 PPM. 



Lower surface 



Ah 



F/g. 75 



50 M.PH. RIGHT. 



1 

Upper surface. 
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REPORT NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS. 



CASE I. 



600 R.P.M. 



60 M.P.H. 



LEFT CASE I. 
S/DE 



600 /?.PM. 



L 



60 M.PH. RIGHT. 



Lower surface. 



F/g. 70. 



Upper surface. 



Lower surface. 



P'g. 76. 



Upper surface. 



70 M.PH. P/GHE 




Fi g 7/. 



F}g. 77. 



CASE I. 



600 RPM. |i 60 M.PH. LEFT CASE r 

S/DE 6 L L 




600 PPM. 80 M.PH P/GHE 




IIOKIZONTAL TAIL SURFACE OF AN AIRPLANE. 
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REPORT NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS. 



CASE I. /4QOP.PM. 45 M.PH. 




CASE I. 



/400 P. PM. 50 M.PH 



HORIZONTAL TAIL SURFACE OF AN AIRPLANE. 41 



CASE I. MOO R.P.M. SO M.PH. 
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CASE I. 



REPORT NATIONAL, ADVISOR? COMMITTEE FOR AERONAUTICS. 
MOO /?. PM 30 M.PH 




CASE I. 



/ZOO /?. PM. 45 M.PH. 



HORIZONTAL TAIL SURFACE OF AN AIRPLANE. 



CASE / 




A*-O.G6 



E/g <9C 



\A*+/./7 



\A*+/. 33 



* /. 80 



+0 76 
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REPORT NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS. 



CASE I /200 P. PM 70 M.PH. 




wafer. 



r/g.ee. 



CASE I. /eoOR.P.M. 80 M.PH. \ 




r/g. as. 



HORIZONTAL TAIL SURFACE OF AN AIRPLANE. 



45 



MSF I 3O0RRM. 45 M.PH 




v v wafer 

F/g. 90. 



CASE I. 



A- +0 87 ^ 



900R.RM. 50M.PH. 




^A*-0/7 



f 






\ 



/** + /. S4 



A=-OOS^ 



A=-047^ 



A- -/./£ » 



A- -0.84 V 



10 
Sco/e- 
/nches 

of 
wafer- 



! A* + /.S/ 



*A* +O.S3 



Fig. 3/. 
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REPORT NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS. 



CASE I. 



900 P PM. SOMPH. 




\A= + /.20 



4= + /. 59 



!A* + 0.65 



CASE I. 



900 /?. P.M. 70 M PH. 



HORIZONTAL TAIL SURFACE OF AN AIRPLANE. 47 



CASE I- SOO /?. RM. SO M.PH. 




CASE I. 



SOO /?. PM SO M.PH 



A--430 , 
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REPORT NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS. 




CASE I 



600 /?./=> M. 50 M. P.M. 



'.69 




3/ 



A* +0.4 7 



Fig. 37. 



HORIZONTAL TAIL SURFACE OF AX AIRPLANE. 
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CASE I 



600R.RM. SOM.PH. 



A=-0 //,< 



A---0.9/ 



A' - O. SO 



A=-0. 33 



A=-09S 



F/g. 38. 




\A= + / 32 



A' * / SS 



^A? +083 



\A= +0 43 



CASE I. 600 P. PM. 70 M.PH. 




y woter. 
F/J.S9. " 



! 
i 



i, 
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REPORT NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS. 



CASE I. 600 R.PM. 30 At PH. 




F/g. /OO. 



CA3€ 1 600 /?. P.M. /OO M.PH. 




HORIZONTAL TAIL SURFACE OF AN AIRPLANE. 
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CASE V. 



/400R.RM. 45 M. P.M. 



A = -0.2d>—^ 









- — zK 



* = +o. /Of- 



4=+0.56 ! 



4 = +0S3\^ 

i 

A- >o oo 



Ftg. /0^ 




Sca/e:- 
/nches 
of 



\ 

\ 
\ 



i 

4= -0.42 



CASE F. 



MOO /?. RM. 50 M. RH. 
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REPORT NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS. 




CASS V 70 M#H 




HORIZONTAL TAIL SURFACE OF AN AIRPLANE. 53 



C4S£ V. /400 R.RAf. 80 M.RH. 




R/g. /OS. 



CASt V. 



SOOR.RM. 4SHRH* 




i 

Ia =-0.0/ 
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KKPOKT WTKiXAL ADVISORY COMMITTEE FOR AERONAUTICS. 



asf v. 



SOO ft. PM. SO 




600/?./?M 60M.P.H. 



HORIZONTAL TAIL SURFACE OF AN AIRPLANE. 
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CAS€ Y. 



600X.RM. 70HPH. 




A= +0.66 f 



A= * /. 30 \*=r 



A= + /.oef- 

I 

A=+OS4^ 



A=+0. 70 f 

Fig. //O. 



2 % 



[ 0 

Sco/e:- 
/nches 

' of 
wafer. 



A A= 0.00 



A=<O.J3 



^*A=-o. /O 



7 a =+o.oa 



CAS£ V. 



600 P. RM. dOM.PH. 



\A=-BB3 



-- L3S 




A=-o.es 



A'+0.3a 



A=-0.45 



-lA=-0.06 



F/g. ///. 



REPORT NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS. 




CASE W 



MOO ft. RAT 45 M f>H 



CASS W. 



HORIZONTAL TAIL SURFACE OF AN AIRPLANE. 
/400R.RM. 50 M.P.H. 
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CASS W 



cass m. 



5co/e'.-/nche-5 of wofer. 

f400 R.P.M. SO M.RH. 



i400R.fi M. 70 M.PH. 
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CASf W. 



REPORT NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS. 



/400R.RM. 60M.RH. 




/*= +/2. /<3 



^?A= + / 55 



CAS£ W 



Sco/e:- /nches of wafer. * - 

800 /?. RM. 50 M.R/i. 




CASE W. 



800/?.RM. 80M.RH. 



I 



BORIZONTAL TAIL SUBFACK OK AN AllU'LANK. 
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CA5€ W . 



CA5£ H. 



CA5£ B '. 



4 *-/S40 Ar- 



GOO /P. RM. 70 M. RH. 

\ 




A=+0. 72 



600 R. P.M. SO M. RH 

H 




5ca/e:-/nches of water 

600R.RM. /OOMR/i. 
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REPORT NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS. 



CASE I. /400 R.PM 


]/ / / Leftside*?* , 


45 M. PH. 
^ Pight^^^^ 






N 





o 



rig. ta3 



Oirec/ion Cuin.of Toto//oac/ PounOs 
of action, wafer m pounds, per sq.ft. 



To// p/one 

E/evotor 

Totaf 



Up. 



898. 

290. 



32.5 
10.5 
43.0 



/.OS/ 
.474 
.834 



Elevator moment about hinge = /02.6 in /bs. 



CASE I. 



i400 /?. RM. 50 M.RH. 




rig. /84. 



Direction Cu.in.of 7b fa/ 'hod Pounds 
O foe 1 'ion. wafer, in pounds per sq.ft. 

Tot/ p/one. Up. 604. 3 / .85 .728 
E/evotor. „ 366. Z3.25 .596 

Tofo/. „ 35.10 .672 

E/evofor moment about h/nge - fS2. in. /bs. 



CASE 7. 



i4O0 P.P.M. 60 M.P./i. 



CASE I. 



/400 P.P.M. 70 M.P./i. 




Fig. /25. 



D/recfion Cu.in.of Tofo/ /ood Pounds 
of action, wafer, in pounds, per sq.ft. 
To/Ip/ane. Up. 568. 20.6 .685 
E/evofor. „ 304. / 1 .0 .495 

r °*°t- » 31.6 .605 

E/evotor moment about hinge - 73.5 m. /b^» 




rig. /2S. 



E/evotor moment about h/nge ■ - f4.8 in. fbs. 



CASE I. 










6 










- <0 





1400 RJ*M. 80 M.P.H. 



Left, i 



-P/ghf 
side. 



'Tofo/. 



Direction Cu.in.of Tofo/ food Pounds 

of action wafer, /n pounds, per sq.ft. 

Toi/ p/one Down 0.0 0.00 000 

E/evofor Up. 664.0 24.00 /.OS/ 

Tofo/. » 24.00 459 



CASE I. 



/200 PPM. 45 M.P./i. 



Tofo/. 




Direction Cu m. of Tofo/ food Pounds 

ofoct/on. water, in pounds, /zersq ft 

To// p/one Up 808. 29.20 . 974 

E/evotor. 88. 3.18 J44 

7bfo/ „ 32.38 .628 



rig. tez 



E/evotor moment about hinge ■ B94 in. /bs. 



rig. /as. 



E/evotor moment obout h/nge - 34 4 in /bs. 



CASE I. 



HORIZONTAL TAIL SURFACE OF AN AIRPLANE. 61 
/200 P.PM. SO M.P.H. CASE I. '200 P.PM. 60 M.P.H. 



Total. 




Direction Cu.mof Total load Pounds 

ofoction. water, in pounds, per sq.ft. 

Tai/p/ane. Up. 360. 13.40 .446 

Delator 136. 4.92 .222 

Total. - 1832 .35/ 



Total 




Vlef f '//\ 
V [Right 
\ / s/de 


-^j. 

*i > 





Direction Cum. of To to/ too d Pounds 
ofoction. woter. m pounds per sq.ft. 

Tai/p/ane. Up. 260. 9.40 .3/4 
Elevator 54. 1.95 .088 

Total * 11.35 2/7 



Fig. 129 



elevator moment obout hinge ' 4.92 in. lbs. 



Fig. 130 



Elevator moment about hinge = -43 9 m. lbs. 




CASE I. 



300 P.PM. 45 M.P.H. 



CASE 1. 



300 P.P.M. SO M.P.H 




Direction Cuin.of Total toad Pounds 
ofoction. water, tn pounds, per sq.ft. 

To/ 1 plane. Up. 122. 4.42 .147 

Elevator. Oown. m -462. - 16.70 .753 
Total. . ' -12.28 .235 




Direct /on Cuin.of Total load Pounds 
ofoction. woter. in pounds, per sq.ft. 

Toi/p/ane. Up. 5/6. 18.7 10 .624 

Elevator Down. -20. - .725 .0326 

Totol. Up. 17.985 .344 



Fig. 733. 



Elevator moment obout hinge * -309.0 in /bs 



Fig. 134. 



Elevator moment about h/nge = -2.175 /n. lbs. 
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KKPOKT NATIONAL ADVISORY ('OMMITTKK FOR AKItON ATTICS. 



CASE I 



900 P.P.M. 60 M.P.H 



CASE I 



900 R.P.M. 70 M.P.H. 




Pig. 135. 



Leffs/de 



Direction Cu m. of To tot food Pounds 
ofocfion. wafer /n pounds per sq.ft 

fat/ plane. Down -86 - 1.0/ .0337 
Elevator » -66. -2.46 .III 

Toto/. -347 0665 

Elevator moment aboul hinge = -73.6 m lbs. 




rig. /36. 



Direction Cu./n of Total 'load Pounds 
of act ion. water, /n pounds, per sq.ft 

Toi/p/one. Down. -488. -/7.70 .590 
Elevofor. tl -68. -2.97 J 34 

total. „ -20.67 .396 

Elevofor moment aboul hinge = - 119. in. lbs. 



CASE / 



900 A P.M. 60 MPH 



CASE I. 



900 P.P.M. 90 M.P.H 




rig. /37 



Direction Cu./n. of Total food Pounds 

ot 'act /on. water, in pounds per sq.ft 

Tai/p/one Down. ~/5/8. -54.80 /.880 

Elevator -878. - 9.85 
Total „ -64.65 



.444 
/.240 



Elevator moment about hinge = - 182 in. lbs. 




'Total. 



rig. 138 



D/rect/on Cum. of Total load Pounds 

ofocfion water in pounds per sq.ft 

To/1 plone Down -988. -35.8 1.190 

Elevator -354. -188 .578 

Tofa / u -48.6 . 930 

E/evofor moment about h/nge - -856. in. lbs. 



CA5E I 



600 PPM. 45 M.P.H. 



CASE I. 



600 P.P.M. 50 M.P.H. 



Toto/. 





Direct /on Cu./n. of Total load Pounds 

of action, water, in pounds, per sq.ft. 

Toil plane Up. 996. 36.10 1.807 

Elevator. .. 844: 8.84 .398 

Total. „ 44.94 . 860 



Direction Cu./n. of total load Pounds 
ofocfion. waler. in pounds, per sq.ft. 

Tat/ plane. Up. 964. 34.90 1.168 
t levator. 100. 3.62 .163 

Toto/. „ 38.52 .737 



Pig. /39. 



Elevator moment obouf hinge - 132.6 in. lbs. 



rig. 140. 



Elevator moment about hinge = -9.66 in. lbs. 



HORIZONTAL TAIL SURFACE OF AN AIRPLANE. 
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CASE 7. 



600 P.PM. 60 M.P.fi. 



CASE I. 



600 P.PM. 70 M.P./i. 




5 



D/recf/on Cu.in.of Tofof lood Pounds 

ofocfion. wafer, /n pounds, per sq.ft. 

To//p/ane. Up. 504. /8.23 .607 

Elevofor 66. 2.46 ./// 

Tofof. 20.69 .396 



D/rect/on Cu./n.of Tofof hod Pounds 

of ocfion. wafer, /n pounds per sq. ft. 

Tof/pfone. Down. -204. -7.39 .246 
Efevafor Up. 210. 7.60 .342 
Tofof. .21 0040 



Pig. 141. 



Efevafor mornenf obouf h/nge = -9.65 in. fbs. 



Fig. 142. 



Efevafor mornenf obouf h/nge - 78.3 /n. fbs. 



CASE I. 



600 P.P. At. 60 M.P./i. 



CASE I. 



600 P.P.M. fOO M.P.i. 




Fig. 143. 



Direct/on Cu.in.of Tofof food Pounds 
ofocfion. woter. /n pounds, per sq.ft. 

To// pfone. Down. -658. -23.80 .794 
Efevafor Up. f02. 3-70 J 66 

Tofof. -20. /0 .576 

Elevofor moment obouf hinge = ~ /4.8 in. fbs. 




7bif pfone 
Efevafor. 
Total. 



D/rect/on Cu.in.of Tofof load Pounds 
ofocfion water, /n pounds, persq.ff. 

-44.0 1.466 
- 6.66 .300 
-50.66 . 971 



Down. 



-1216. 
- 184. 



Fig. 144 



Efevafor mornenf obouf hinge = -Z65.4 in. fbs. 



CASE U. 



7400 P.P.M. 45 M.P./i. 



CASE n. 



1400 P.PM. 50 M.P./i. 



Tofof. 




Tofof. 








'4V // k - 

Y Ktghfs/de. ^ 









D/recf/on Cu./n.of To to/ load Pounds 
ofocfion. wafer, in pounds, persq.ff. 

Ta/fplone. Up. 854. 30.90 1.029 

Efevafor 136. 4.92 .0221 

Tofal. , 35.62 .686 



D/recf/on Cu m. of Tofof food Pounds 



ofocf/on 
Tail 'pfone Up 
Elevofor 
Tofof 



wafer. 
590. 
244. 



/n pounds persq.ff. 
21.40 712 
8.82 397 
30 22 .579 



Fig. 145. 



E/evofor moment obouf hinge = 4.92 in. fbs. 



Eig. 146 



f levator moment about hinge — 98 in lbs. 
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case n. 



/400 P.PM. 60 M.P.H 



CA5F H. 



MOO RP.M. 70 M.P.H. 



Tofo/. 












• 




i v / 

1 ' " li^ Right side. 














* 











Fig. 147. 



7a//p/ane. 

E/evator 

Total. 



Direction Cu.in.of Totof hod Pounds 
of action, wafer, m pounds per sq.ft. 



Up 



90. 
162. 



3.26 
5S6 
S./2 



. t09 
.264 
J75 









S "~ X ~~~ ^. 

/ / r ■*" 








/ Ptgnf side. 
Len- 1/ 








To * Q/ ' Tai/p/ane 


Direction Cu.in.of Tofoi had Pounds 
of act /on. water, in pounds, per sq.ft. 
Down. -226. -8./9 .273 


E/evator. 


Up. 


278. 


/0. 05 .454 


Tofa/. 






/.66 .0356 



E/evo/or moment about hinge = 48.9 m. lbs. ^/g. 148. E/evofor moment about hinge = /03. 6 in. lbs. 



J400 P.PM. 80 M.P.H. 




CASE U. 



1200 P.P.M. 45 M.P.H 



J Totat. 
Fig. 149. 



ofoction. 
Tail p/one Oo wn . 
E/evofor Up. 
Total Down. 



Direct/on Cu m of Totol load Pounds 



water. 
840. 
116 



in pounds. 

-30.4 
4.2 
■26.2 



persq ft. 
1.0/4 
189 
.502 




Elevator moment about hinge = -14.8 in. lbs. 



Fig. /50. 



Direction Cu.in.of To/a/ had Pounds 
ofoction. water, in pounds, per sq.ft. 

Toi/phne Up. 556. 20. 15 .67/ 

E/evofor. ., 190. 6.88 .3/0 

Tofof. „ 27.03 .5/7 

F/evafor moment about hinge = /378 in. /bs. 



CA5F U. 



/200 P.PM. 50 M.P.H. 



CASF IT. 



/200 P.P.M. 60 M.P.H. 




gg^y*- ^ 









L v-^~- Right side. 

5 




kj 


-| 



Direction Cu.in.of Tofo/hod Pounds 
ofoction. wafer, in pounds, per sq.ft. 

Ta,/p/one. Up. 372. /3.50 .450 
E/evotor. /22. 4.42 JS9 

Tofa/. Z7.92 .344 



Direction Cu.in.of Total hod Pounds 

ofoction. wafer, in pounds, per sq.ft. 

Tai/p/ane. Up. 644. 23.3 .725 

E/evofor „ /96. 7./ .32 

Tofa/. „ 30.4 .582 



Fig. 151. 



Elevator moment about hinge - 78.6 in. /bs. 



Fig. (52. 



E/eva/or moment about hinge = 58.6 in. /bs. 



HORIZONTAL TAIL SURFACE OF AN AIRPLANE. 
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case n 



t200 PPM. 70 M.PH. 



CASE H. 



7200 R.P.M. 80 M.PH. 




Direction Cu in of Totof food Pounds 

of action woter. in pounds per sq.ft. 

Toilp/one Down -6. -.218 .0072 
f levator Up 74. 2.660 J 21 

Totof - 2.462 4 7f 




Direct/on 
o faction. 

7b if plane ■ Do wn . 
Efe rotor. Up . 
7ofaf. Down . 



Cu m. of Toto/ toad Pounds 
wafer, in pounds, per sq.ft. 

-540. -19.500 .650 

4. J 45 .0065 

-19.355 .370 



E,g /53 



E/evotor moment obout hinge - 40. 4 in. fbs. 



Fig. /54. 



Etevofor moment about hinge = ft. 6 in tbs. 



CASE H. 



900 P.PM. 45 M.P./i. 



CASE 3. 



300 PPM. 50 M.PH. 




Fig. 155. 



Direction Cu.in.of Toto/ food Pounds 
of action, water, in pounds, per sq. ft. 

Toi/p/one. Up. 800. 29.00 .964 
Elevator. Down. ~54. -1.95 .088 
Totof. Up. 27.05 .518 

Etevofor moment about hinge ■ -24.4 in. tbs. 



Fig. 156. 



Toil p/one. 

Elevator. 

Totof. 



Direction Cu.in.of Totof food Pounds 
ofaction. water, in pounds, per sq.ft. 

Up. 6/0. 22. /0 .737 
Oown '34. -f.23 .0555 
Up. 20.87 .400 



flevotor moment about hinge " -9.85 in. fbs. 



CASE U. 



300 PPM. 60 M.PH 



CASE U. 



900 P. P.M. 70 M.PH 























' Right side. """"^ — 











Totof. 








^ /J "Left side. 


— — 




-\ Right. 


M ^ 
^ N . 





Oirecfion Cu. in of Totof food Pounds 

ofaction. water in pounds, per sq.ft. 

Toi/phne Up. 38. (.015 .0338 

E/evofor. 40. f.450 .0653 

Totof. 2.465 047/ 



Direction Cu.in.of Totof food Pounds 
ofaction wafer, in pounds persg.ff 

Toifplone. Up 88. 3.180 t06 
E/evotor. „ 20. . 724 .0326 

Totof. 3.904 0746 



Fig. /57. 



Etevator moment about hinge = 48.4 in. fbs 



Eig. /58. 



Efevofor moment obout hinge * 1 9.3 in. fos. 
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CASE 21 



90 O P.PM. 80 M.PH 



CASE U. 



SOO P.PM. 90 M.PH. 




Direci/on 


Cu.m.of Total food Pounds 


/2 


of action 


wofer. /n pounds per sq.ft. 




Down 


-576. -20.90 .695 


'6 


Up. 


34. 1 .23 .055 




Down 


-19.67 .377 


20 



Fig. 159. 



/.levofor moment about hinge ^9.84 m. lbs. 




Taii ptane 
Eievafor. 
Totot. 



D/rect/on Cu.m.of Totot toad Pounds 
ofoction. water, tn pounds per so. ft 

Down. - /460. -53 00 1.760 

- 108. - 3.9/ .176 

-56.91 Z.O90 



Fig. t60. 



E/evotor moment obout hinge = -63.4 in. lbs. 



CASE B. 



600 P.PM. 45 M.PH. 



CASE H. 



600 P.PM. SO M.PH. 




Direction Cu.m.of Totol/oad Pounds 
ofoction. water, in pounds, per sq.ft. 

Tail ptane. Up. 720. 26.10 .868 

Elevator. Down. -176. -6.37 .287 
Total. Up. 19. 73 .378 




Taitptone . Up . 
E/evatar Down. 
Totot. Up. 



Oirection Cu./n.of Totot toad Pounds 

ofoction wafer, m pounds, per sq.ft. 

584. 21.13 .704 

-224. -8.H .365 

13.02 . 249 



Fig. /6I. 



E/evotor moment obout hinge = 19.6 m. lbs. 



Fig. 162. 



E/evator moment obout hinge ■ 1/3. 0 in. /bs. 



CASE H. 



600 P.PM. 60 M.PH 







CD 


_ 

> 

°5 


S Pight side. * » 





Fig. 163. 



Direction Cu.m.of Totot load Pounds 
of action, wafer, in pounds, per sq ft. 

Taitptone. Up. 224. 8.11 .270 

E/evotor. Down. -68. -2.46 .III 

Total. Up 5.65 .108 

Elevotor moment about hinge = -9.85 in. lbs. 



CASE £. 


600 P.PM. 


70 M.PH 




r 










eft side. 






Total. 




v. 
Ti 






Direction 
ofoction. 


Cu./n.of Total toad 
water, in/oounos. 


Pounds 
persq. ft 




Toil ptane Do wn 


-54. - /. 96 


.065 




Elevator Up . 


88. 3.19 


.143 




Total. 


1.23 


.0236 



Fig. /64. 



C/evotor moment about hinge ~ 73. 7 in. lbs. 



HORIZONTAL TAIL SUBFACB OF AN A I II I 'LA N E. 
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CASE U 



600 R.P.M. 80 M.P.H. 



CASE U. 



600 PJ?M. /OO M.P.H. 




Cu. in of Total load Pounds 
water, /n pounds, per sq.ft. 

-32.95 1.095 

- 4.42 .199 

-37.37 .7/6 



-9J0. 
-/22. 




Oirecf/on Cu./n.of Total food Pounds 

of action, wafer, in pounds, per sq.ft. 

Taiip/one. Down. ~/430. -51.8 

Elevator. - 6. - .2/7 
To to/. -52.017 



0098 
.997 



rig. 165. 



Elevotor moment about hinge = -540 in. lbs. 



rig. /6S. 



Elevator moment about hinge ■ -34. 75 in. lbs. 



CASE JU 



1400 PPM 45 M.P.H. 



CASE HI . 



1400 f?.PM. 50 M.P.H. 



Total. 




r,g. 167. 



Direction Cu. m of Total toad Pounds 
of action water, in pounds, per sq.ft. 

Tail plane Up 470. 17.0 .567 
Elevator. 4/6. 15/ 676 

Tofo/ ~ 32.1 .6/5 

Elevator moment about hinge =i82. 7m. (bs. 



Total. 










r^—f — T y 













7a 1 1 plane 
Elevator 
Total 



Direction Cu.inof Total load Pounds 
of action, wafer, in pounds, per sq.ft. 

Up. 326. 11.8 .393 
508. 17.8 .802 
29.6 .567 



rig. 166. 



Elevotor moment about hinge - /P7 in. lbs. 



CASE HI. 



7400 PPM. 60 M.P.H. 



CASE m 



1400 PPM. 70 M.P.H. 



^ 4 ifffi'-- - __^r^T^ 




- N J f/^Pight side. 

VI 

\ / Tbfol. Direction 
\ U of action 

Tail plane . Down . 


Cu. in. of Total lood Pounds 
wafer, in pounds per sq.ft. 

-296. -10.7 - 357 



Total. 



I.I 



.021! 



1 rig. 169 



Elevator moment about hinge - 5.08 in lbs 




'Total 



rig 1 70 



Tail 'plane 
Elevator 
Total. 



Direction Cu.m.of Total load Pounds 

of action, water, in pounds, per sq.ft. 

-6/0. -22.10 -.6/3 

494. 17.85 .396 

- 4.25 .081 



Down. 

Up- 
Down . 



Elevator moment about hinge =152. m. lbs. 
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caspiu 








t 


k 


J 










0 





/400 R.P.M. so M.P.H. 





Option Cu.,nof 7b/o/ food Pounds 

o faction wafer. ,n pounds per sq.ft. 

To,/ptone. Down -1094 -39.6 /.320 

Hevotor Up. 582 2 7. / ^ 50 

Totot Down - /Q5 ' 354 



Fig. / 7/ &e*otor moment about hinge ~t83.5 in tbs. 



CASE 27. 



/eOO R.P.M 45 M.P.H 



Jofof. 
































N 




5! 





Pig. J72. 



Direction Cu.in.of To/at 'had Pounds 
of action, wafer, in pounds, per sq.ft. 
To/ipiane. Up 746. 87.0 .900 

£/evofor. „ 346. t2.5 .565 

Tatoh « 39.5 .756 

clerofor moment obout hinge = /St3 /n fbs. 



i200 PPM. 50 M.P.H. 



casciii. 



iaOO PPM. 60 M.P.H. 



X 



+ 4 x r^si 










V /y^-P/ghf side. 




















§ 




\ 









O/rection Cu./nof Tofoi food Pounds 

of action, water, in pounds, per sq.ft. 
Tai/p/ane. Up. 370. /J. 4 .446 

E/evator ., 356. 13.0 .384 
Totof. ., 26.4 .505 




Direction Cu.in.of Tofoi toad Pounds 

of action, wotec. in pounds, per sq.ft. 

Toi/piane. Down. -68. -2.46 .082 

Elevator. Up. 502. /8.20 .820 
Tofoi. „ /s.74 .30 7 



ng. /73. Etevofor moment obout h,nge=/44 3 ,n tbs. Pig. i 74 \ Efevo for moment obout hinge = f 75.0 ,n. fbs. 




Pig. i 75. E/evotor moment about hinge = '7f. 6 m. tbs. Pig. /76 Efevotor moment obout hinge = 144.4 in, tbs. 



case m . 



HORIZONTAL TAIL SURFACE OF AN AIRPLANE. 
900 P.P.M. 45 M.P.H. CASE HI. 300 P.P.M. SO M.P.H. 
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+4 

0 

-4 

I 

0 

■s 



Total 












^ ft sid e - 




k 

* 

































^^^Z^R/ght side. 

L K 




n — ^ 

-Left. 





Direction Cu.inof Totoi lood Pounds 
ofoction. water, in pounds, per sq.ft. 



"hi/ plane . 

Elevator 

Totoi. 



Up. 



S30. 
UO; 



19.20 
3.98 
23. 18 



.638 
.180 
.444 



Direction Co. in. of 7b/al food 
ofoction. water, in pounds 



7a/l plane. 

Elevator. 

Totoi. 



Up. 



480. J7.40 
'72 623 
23.63 



Pounds 
per so. ft. 

.579 

J 38 

.452 



Pig; /77. 



E/evotor moment about hinge - it 6.0 in ids. 



rig. /78. 



Elevator moment about hmge - 78.5 in. /bs. 



CASE m. 



900 PPM. 60 M.P.H. 



CASCm. 



900 PPM. 70 M.P.H. 



Pight side. ^ 






\ // ^Leftside. 






\v/ 






\ Lrofaf. 













Pig. 179. 



Direction Cum. of 7bfol load Pounds 
ofoction water in pounds per sq.ft. 

Toil plane. Down. -262. -9.50 .316 
Elevator. Up. 176. 6.37 .141 
Total. Down. -3.13 .060 

Elevator moment obout hinge ■ 63.6 in. lbs. 




Hg. ISO. 



Direction Cum of Totoi load Pounds 
ofoction. woter in pounds, per sq.ft. 



E/evotor moment obout hinge ' 94. 8 in. /bs. 



CASE HI . 



900 PPM. 80 M.P.H. 



900 P.P.M. 90 M.P.H. 




Direction Cu./nof Totoi lood Pounds 
ofoction. water, in pounds, per sq.ft. 



7bil plane. Down. 
Elevator. Up . 
Totoi. Down. 



1286. 
336 



-46.6 
12.2 
-34.4 



1.550 
.548 
.659 




Direction 
ofoction 

Toil p/one . Do wn . 
E/evotor Up 
Tot a/ Down 



Cu. in of Tofol food Pounds 
woter. in pounds, persq ft. 

43.40 1.45 
/4.00 .63 
29.40 .56 



-/200. 
386. 



Pig. 181. 



Elevator moment about hinge - /29. in. /bs. 



Hg. 132. 



E/evotor moment about hmge =166.0 in /bs. 



REPORT NATIONAL ADVISORY COMMITTEE FOR A ERON A TITOS. 



CASE JH. 600 P.P.M. 45 HP./i. CASE HI. 600 R.P.M 50 M.P.M. 











? Right?*"****'- 































rig. 183. 



Direction Cu.in.of Totol load Pounds 
of action, wafer, m pounds, per sq.ft. 

Toil plane. Up. 778. 28.20 .940 
Elevator .. 20. .72 .033 

Total. „ 28.92 .554 

Elevator moment about hinge ~ 8.64 in. lbs. 




to 



Fig. 184. 



Direct/oh Cu.in.of Toto/ food Pounds 
of action, water, in pounds, per sg.ft 

Toi/ptane. Up. 508. 18.40 .6/4 . 
Elevo'tor ., 40. 1.45 .065 

TotoJ. * 19.85 .380 

Elevator moment about hinge = 145 in. /bs. 



CASE HI. 



600 PPM. 60 M.P.ri. 



CASE HI. 



600 R.PM. 70 M.P.ri. 




To/ip/one. Down. -70. -2.53 .084 fc ? Toil plane. Down 420. -15.2 .507 

Elevator. Up. 276. 10.00 .450 ^ Elevator. Up. 3/8. 11.5 .518 

Toto/ 7.47 J43 Toto/. Down -3.7- .078 

o 

rig. 185. Elevator moment about hmge = 138. in lbs. Pig. 186. Elevator moment about hinge = 1 15. in lbs. 




CASE N. 



HORIZONTAL TAIL SURFACE OF AN AIRPLANE. 71 
/400 ftAM. 45 M.P.H. CASE 17. MOO fi.P.M. SO M.P.H. 




Toilplone 
Elevotor. 
Total. 



Direction Cu. in. of To/of hod Pounds 
of action, wafer, in pounds, per sq.ft. 

608. 22.0 .733 
306. I I.I -500 
33./ .634 



Up. 



Total. 












/ /£ Right side. 








\ A ^ 








\ / Si 




55 













Direction Cu.in.of To to/ 'food Pounds 

of action, water, in pounds, persqft. 

Toilplone. Up. 536. 19.39 .647 

Elevator. 576. 20.90 .940 
Total. 40.29 .771 



Fig. 189. 



Elevotor moment about hinge = (23. 2 in. lbs. 



Fig. ISO. 



Elevator moment obout hinge * 241.0 in. lbs. 
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CASCW. 



REPORT NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS. 
I200P.P.M. SO M.P.H. CASl ' W ' '200 P.P. M. 60 M.P.H. 




ofocfion. 
Toil ' p/one . Up 
Elevofor 
Tofol. 



Direction Cu.in.of Toto/ load Pounds 
wafer, in pounds, per so. ft: 

374. 13.55 .450 
352. 12.75 .575 
26.30 .504 




Fig. 195. 



Elevator moment about hinge =143.5 in. its. 



rig. 196 



Direction Cu.in.of Thiol toad Pounds 
of act ion. wafer, in pounds, per so. ft. 

Ta/Tpfone Up. 40. 1.45 .0483 

Etevafor. » 374. 13.55 .6/0 

Toto/. „ /5.00 .287 

Elevofor moment about h/nge ^/JD.5 in. ids. 



CASE 27. 



iaOO R.P.M. 70 M.P.H. 




rig /97. 



Direction Cu.in.of Toto / toad Pounds 
of action, wafer, 'm pounds, per so. ft 

Tail p/one. Down. -124. -4.5 .149 

Elevator Up. 496. 18.0 .8/0 

Toto/ ~ 13.5 .258 

Elevator moment obout hinge = 207. /n. ibs. 




/200 R.P.M. 80 M.P.H. 



Toto/. 



rig. 138 



Direction Cu.in.of Total toad Pounds 
ofocfion water, in pounds per sq.ft. 

Tail plane Down. -6/0. -22./0 .735 

Elevator Up 244. 8.84 .398 

Toto/ Down -13.26 .254 

Elevator moment obout hinge - it 3. in. lbs. 



CASE IV. 



900 R.P.M. 45 M.P.H. 



CASE IV 



300 R.P.M. 50 M.P.H. 




~4 





=r^<^S. 


T, Lett. 
Right side. 

L K 

s 

N 

53 




3 


' 



Direction Cu.in.of To tat had Pounds 
ofocfion. wafer, m pounds, per sq.ft. 

Tai/ptone Up. 7/2 25.80 .860 
Elevator /08. 3.9/ .176 

Toto/. « 29.71 .5/9 



Direction Cu.in.of Total load Pounds 
ofocfion. water, in pounds, per sq.ft. 

Tail plane. Up 522. 18.9 .630 

Elevotor. 2/0. 7.6. .342 

Toto/. „ 26.5 .508 



rig .199. 



E/evotor moment about hinge =. .80.5 in. ibs. 



Pig. 200. 



Elevator moment obout hinge ~ 93.5 in. ibs. 



CASE JY 



HORIZONTAL TAIL SURFACE OF AN AIRPLANE, 
900 P.PM. 60 M.P.H. CASE XT. 900 P.PM. 70 M.P.H. 
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Direction Cuin.of Total hod Pounds 
ofoction. wofer. /n pounds, per sq.ft. 



Toi/ p/one. 

E/evafor. 

Totof. 



Up. 



292. 
264. 



10.53 
9.56 
20.15 



Fig. 201 



E/evator moment obout hinge - 102. 5 > 



.352 
.430 
.366 

7. Ids. 




Direction Cuin.of Total food Pounds 

ofoction. water, in pounds, per sq.ft. 

Toil p/one. Up. 68. 2.46 .0820 

Elector. n 386. 14.00 .630 

Total. u 16.46 .315 



fin. 202. 



Efe\/otor moment obout hinge - 2/6.0 in. lbs. 



CASE IF. 



900 P.P.M. 80 M.P.H. 



CASE IF. 



900 P.P.M. SO M.P.H. 




Direction Cuin.of 7b to I 'load Pounds 
of action, wofer. in pounds, per sq.ft. 

Toil plane. Down. -34. -1.23 .041 

Elector. Up. 488. /7.70 .795 

Totof. 16.47 .315 

i 

Fig. 203. L/evotor moment obout hinge =172.0 in. lbs. 




Direction Cuin.of Totot food Pounds 
ofoction. wofer. in pounds, per sq.ft. 

Tailptone. Down. -f262. -45-80 f.530 
E/evotor. Up. 60. 2.18 .098 

Totof. Down. -43.62 .836 



Pig. 204 . E/evotor moment about hinge " -33. 7 in. fbs. 



CASE 17. 



600 P.P.M. 45 M.P.H. 



CASE 17. 



600 P.P.M. SO M.P.H. 




to 

5 



Fig. 205. 



Direction Cuin.of Totaffoad Pounds 
ofoction. water, in pounds, per sq.ft. 

Toil plane. Up. 970. 35.10 1.170 

Efevotor. -» 230. 8.34 .375 

Total. f 43-44 63a 

Efevotor moment obout hinge =/82.0 in. fbs. 



Totof. 




















^flight side. 








L 














<*> 



Ta/f p/one 
E/evotor. 
Total. 



Direct/on Cum of Total load Pounds 
ofoction. woter in pounds, persqft. 

Up 522. 18.9 .630 
1/6 4.2 .183 

23. 1 .443 



Fig. 206 



E/evotor moment obout. hinge = 37. / in /bs 
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case nr. 



600 P.PM. 60 M.P.H. 



CASE ZF 



600 R.P.M 70 M.P.H. 







lC ff. Tola/. _ _ 




VC^^S?/^/ side. 








OS 


$1 



Fig. 207. 



D/recfion Cu./n.of Tofo/ /ood Pounds 
o faction. weter. /n pounds, per sq.ft 

To// p/one. Up. 162. 6.59 .2/9 
E/evofor. 82. 2.97 J 34 

r °' o/ » .9.56 J83 

Efevator moment about h/nge = 49.6 /n tbs 




Fig. 206 



O/rection Cu./nof Tota/ food Pounds 
of act/on. woter in pounds, person 1 . 
7o//p/one Down. -204. -7.39 .246 
Efevator. Up. f/6. 4 20 J89 
Totof Down. -3. 19 .06/ / 

E/evotor moment about h/hge = 32. f in. /bs. 



600 P.PM. /00 M.P.H. 



CASE IF. 



600 PPM. 80 M.P.H. 




Tota/. 



Fig. 209 



Direct /on Cu./n.of 
of act/on. woter. 



7b// pfone . 

E/e\/ator. 

Tota/. 



Down. 
Op. 



-346. 
496. 



To to/ /o od Po unds 

in pounds, per sq.ft. 

-12.5 .4/7 
/8.0 .8/0 
5.5 J05 



ftevotor moment about hinge = 225. / in. /bs. 




Down . 

Up. 
Down. 



Cu./n.of To to //ood Pounds 
woter. /n pounds, persq. ft. 

-73.7 2.450 
/5.0 .675 
-58. 7 /. 124 



-2034. 
4/4. 



Fig. 210 



E/evofor moment about hinge - /64.S in. /bs. 



CASE V. 



/400 P.PM. 45 M.P.H. 



CASE Y. 



MOO P.PM. 50 M.P.H. 



Fig. 211. 



D/rection Cu.inof Totol /ood Pounds 
ofoct/on. woter. in pounds per sq.ft. 

Taif pfone. Down. ~386. -14.000 .466 
e/evofor. Up. 6. .2/7 0098 

Tofo/. Down. -13.783 264 

E/evofor moment about hinge * - 39. / in. /bs. 




of act/on 
7a// p/one. Down. 
E/evofor. Up. 
Tota/. Down. 



Direct /on Cu./n.of Tofo/ hod Pounds 
in pounds, per sq.ft. 
-34. / /./37 
/4.S .652 
-/9.6 .376 



wafer 
-942. 
400. 



F/g. 212 



f/evotor moment about h/nge =t50. 0 /n. tbs. 



CASC V 



HORIZONTAL TAIL SURFACE OF AX AIRPLANE. 
MOO R.PM 60 M.P.H. CASE Y /4O0 R.P.M. 70 M.P.H. 
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CASEY. 



/POO P PM 50 M.P.H. 



CASE Y 



/200 R.P.M. 60 M.P.H. 



i 

tf 
\ 



fa. 








\ \\ Leff sid S ""Zsr 
V ^q\- 







Direction Cu.in.of Totol load Pounds 
ofoction. water, /n pounds, per sq.ft. 



7b// p/one Down 
E/evofor Up . 
Toto/ Down. 



-570. 
2/0 



-20.65 .666 
7.60 .342 
-13.05 .250 



Fig. 2/7 



Elevator moment about hinge ■ //2.S tn. tbs. 




Direction Cu.in.of Total '/ood Pounds 
of action water, in pounds per sq.ft. 



37.6 
/0. 8 
26.8 



1.250 
.486 
.510 



Elevator moment obout hinge = 1/6.0 tfl lbs 
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CASE Y. 300 PPM. 


45 M.P.fi. 






4: 




3 1 s-^JotaJ. 




\ s^KLeft side. 








i T P/ghf. ^^ZZZ- ■■fc* 
















t 




Direction Cu.in.of Tofaffood Pounds 


of action, wafer, in pounds, per sq.ft. 


7bif p/one. Up 


48. A 740 .0580 


Efevotor. ; 


20. . 725 .0326 


rofaf. 


2.465 .0469 



CASE Y. 



300 PPM. SO M.P.fi. 



Fin. £8/. 



Elevofor moment about hinge - SO. 7 in. fbs. 




"0 



Fg. 222. 



Direction Cu.in.of Tofot food Pounds 

ofoction. wafer, injoounc/s per sq.ft. 

Taif p/one. Down. -204. -7.39 .246 
Etevafor.. -68. -2.46 .ftf 

Tofot. -9.85 J 83 

Delator moment about hinge - -39.4 in. fbs. 



CASE Y 300 P.P.M. 60 M.P.fi. CASE Y. 300 PPM. 70 M.P.fi. 




To/t p/one. Down -664. -22.50 .800 % Toi/ p/one Down -f288. -46.60 f.550 

3 Etevator. -28. .95 .0456 Efevofor. Up. tS6. 5.65 .254 

To fat. u -23.45 .450 % Totot Down. -40.35 .784 



Fig. 223 



E/evofor moment about h/nge - -42.8 /n fbs. 



P/g.224. 



Efevofor moment obout h/nge = 9. 64 in. fbs. 



HORIZONTAL TAIL SURFACE OF AN AIRPLANE. 
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CASE 7 



SOO P.P.M. 80 M.P.H. 



CASE V. 



SOO P.P.M. SO M.P/1. 




Oirection Cu./n.of Totolload Pounds 
ofoction. wotar. in pounds, persq.ff. 

Toil plane. Down. -2920. -/OS.70 3.520 
Elevator. Up. 68. 3.19 144 

Total. Down. -102.51 /.964 

E/evotor moment about hinge = /9. 63 in. lbs. 




Fig. 226. 



D/rection Cu./n.of To to/ load Pounds 

of act/on. water, in pounds, per sq.ft. 

Toi/p/one. Down -3228. -116.90 3.890 

Elevator. Up /SO. 5.43 

Toto/ Down. - HI .4 7 



.245 
2.135 



E/evotor moment about hinge = -9.89 in. /bs. 



CASEY. 



600 PPM 45 M.P.H 



CASE 7. 



600 P.P.M. 50 M PH. 




Pig. 227. 



Direct/on Cu.in of Toto/ /ood Pounds 
ofoction. water in pounds persq.ff. 

Tai/p/one. Up. //6. 4.20 .140 
E/evotor Down. -352. -12.75 .574 
Toto/. « -8.55 .164 

E/evofor moment about hinge = 1 17.9 in. /bs. 



Tai/p/one 
E/evotor. 
Toto/. 



Direction Cu.in. of 7bta/ /ood Pounds 
ofoction water, /n pounds, persq.ff 

~/62. -5.87 . J95 
-/50. -5.44 .244 
-11.31 .217 



Down. 



Fig. 228. 



Elevator moment about hinge = -6/ 8 in. /bs. 



CASE V. 



600 PPM. 60 M.P.H 



CASE V. 



600 PPM 70 M.P.H 




Fig. 223. 



Direct ion Cu.in of Toto I load Pounds 
of action, water, in pounds, persq.ff. 

Toi/p/one. Down. -442. -16.00 .533 
E/evotor. Up. 68. 2.46 .III 

Total. Down. -13.54 . 259 

Elevator moment obout hinge = 14. 75 in. lbs. 




E,g. 230. 



D/rection Cu in of Toto/ food Pounds 
ofoction. water /n pounds persq.ff. 

Toi/p/one. Down. -874. -3/. 6 1.053 

Elevator. Up. 420 15.2 .685 

Toto/. Down. -/6.4 .314 

E/evator moment about htnge = /96. 1 in. /bs. 



REPORT NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS. 
CASE V._ 600 tf.P.M. 60 M.P.H. 




£ To/7 plane. Oown. -/6/4. -58.44 i.948 

E/evotor. Up. /50. 5.44 .244 

Jj Toto/. Down. -53.00 1.0/5 

Fig. 331. E/ero/or moment obouf h/nge - - /9. 75 in. /bs. 




EORIZONTAL TAIL Sl'KFACE OF AN AIKPLANK. 




CASE 2T 



HORIZONTAL TAIL SURFACE OF AN AIRPLANE. 

MOOR. P.M. 45 M.P.H. 
I 

t 
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Fig. a<!3. 

CASE n. 













— ■ — -v. %m w 



. Torque ■ To/a/ moment = 6/3 " * about £ 



MOOR. P.M. SOM.PH. 



Pig. 844 



CASE JT. 



Ftg.a45 









pi — 

N 
\ 


t 

\ 


\ 

\ 

N 

\ 




s'^^ — 


Si 



Tor-que * Toto/ moment - 666." '* about £ 



MOO R. P.M. 60 M.P.H 





Torque * Total moment - 460"*' about 



CASE E. 



Pig. 84S. 



MOOR P.M. 70 M.P.H. 




Torque ■ Tot a/ moment ~ 406 " * about £ 



V/ews of toil from rear. 
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CASE E. 



7400 P PM. 80M.P.H. 
I 



Fig. 247. 




Torque = To/a/ moment = 549.4"* about £ 



CASE JT. 



Fig. 248 



/200 P. P.M. 60 M.P.H. 



i 


» 




i 

% 


\ ^> J 

* * O e 


flf- 


<>> 

«*5 



Torque - 7b to/ moment - 242."* about £ 



CASE rr. 



900 P. PM. 60 M. P/i. 



Fig. 843. 



i 




ft 

N 
<h 




^ ^ 

V -for 

J 





Torque - 7b to/ moment = 366.5" * about (£ 



case rr 



600 P.P.M. 60 M.P.H. 



I 



< 

S^^^ ^^"^-^ To it plant 


1 


& 

°5 


V tie" 

\ 

\ 

Ri 





Torque - Tof a/ moment = 234.1"* about £ 



Views of fait from re or. 



CASE m. 



Fig. 25/. 



HORIZONTAL TAIL SURFACE OF AN AIRPLANE. 

MOO R. FM. 45 M. Ffi. 



Torque ' Toto/ moment - 432.2."* obout (£ 
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c/isc in 



Fig. 252. 




Torque - To/a/ moment = 6/9 "* obout £ 



CASL m. 



Fig. 253. 



MOO F.FM 60 M. FAY. 



Torque ~ To/a/ momen/ - /2/6 " * obout £ 





5 


% 

id 


n 


1 





r\<o 
5" 



Fig. £54. 




Torque = Toto/ moment = 533. 5 " * obout £ 



ii/ews of foi/ from re or. 
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CASE m. 600 R.P.M. SO M.FH 

I 




Fig. c?S<3. Torque - Toto/ moment =-/52 ." # obout (£ 



l//euvs of tail from rear. 



HORIZONTAL TAIL SUM AOK OF AN AIR PLANK. 



CASE V. 




Fig. £59- Torque - Tota/ moment - f57"* about £ 
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V/ews of tat J from rear. 



o 



